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GEORGIA-PACIFIC CORPORATION 
reports six-year performance 
Washington hardboard press 


are well 


ance this with the 


HOT PLATE PRESSES PULP BALING PRESSES 
SPECIAL HYDRAULIC PRESSES AUTOMATIC PRESS LOADERS AND UNLOADERS 
COMPLETE DRY PROCESS HARDBOARD FORMING LINE EQUIPMENT 


The 20-opening Washington hydraulic hot press the key unit 
the completely Washington-built forming line which includes 
felter, pre-compressor, speed changer, vacuum transfer, loader 
and injector, unloader and ejector, board and caul conveyors. 


This single control panel regulates the operation the com- 
plete forming line, enabling one-man supervision this phase 
production. Curing twenty panels per load, this 
plant has rated capacity million square feet annually 
basis) smooth-two-sides hardboard. Washington-built 
dry process hardboard forming line are offered 
complete even flying trim saws and conveyor systems. 


your plans include production particle board, 
wet dry process hardboard, sure include ngton 
press efficiency and economy those plans. Find out other 
leading board producers use Washington multiplaten 
and accessory equipment for consistent high and 
quality. Write for your free copy the 16-page 
“Washington presses and accessory Ask de- 
tails presses matched your specific requirements Write 
Washington Iron Works, 1500 Sixth Ave. So., Seattle 
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Composition Board, New Ma- 
chinery, Utilization Ideas 
Studied Northeast Section 


Meeting, October 29, 


The Fall Meeting the Northeast 
Section will held Oct. and 
the Hotel Bancroft, Worcester, Mass., 
according Allan Hauter, Section 
chairman. The Program under the 
direction Prof. Richard West, Rut- 
gers University. 

Session I—Use Different Types 
Wood Composition Board Construction. 


Papers Fiberboard, Particle Board, Ply- 
wood and Hardboard. 

Session II—New Developments Wood 
Machining and Machinery. Subjects: 
Circular Sawing Experiments Radial 
Arm Saw. Experimental Small-Scale Ve- 
neer Cutting. New Developments 
Logging and Milling Machinery. Wood 
Cutting—a new Russian film presented 
the College Forestry Syracuse the 
Leningrad Forest Technology Academy. 

Session Developments 
New Approach Wood Utilization. 
Architectural and Structural Uses Lamin- 
ated Timber. Small Particle Board Plant 
Utilie Mill Residues. Coffee Stain and 
Blue Stain—panel discussion cause and 
cure. 

School Forestry, Duke University, and 
President FPRS will address the annual 
banquet Thursday evening. 


Informal discussion sessions Research 
and Seasoning will led, Thursday eve- 
ning, Dr. Kitazawa and Prof. Harold 
Gatslick. 

Plant tours, Friday afternoon, are being 
planned Frank Parrish. 


Registration and preprints, Members, $5; 
non-members, $7.00. Preprints only, per 
set. 


Dr. Fred Dickinson Address 
Rocky Mountain Section 
Meeting Denver, Oct. 


FPRS Rocky Mountain section will 
meet Friday, Oct. 23, from 10:00 a.m. 
4:00 p.m. the Cosmopolitan 
Hotel, Denver. The discussion during 
the morning will deal with 
Retardant Applications Wood.” Dr. 
Fred Dickinson, Director the Cali- 
fornia Forest Products Laboratory, 
Richmond, Cal., and FPRS Southwest 
Region Board Member will address the 
afternoon session the subject, 
Wood Industry the 
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FPRS North Central Region 
Study Wood Finishing Problems 


Chicago, November and 


Factory finishing all types 
wood products—lumber and plywood 
paneling, board products, furniture, 
cabinets, millwork, flooring, wooden 
containers and others—will 
theme the two-day meeting which 
will bring together the society’s Mid- 
west, Great Lakes, Upper Mississippi 
Valley and Ohio Valley Sections. 

The location will the Conrad 
Hilton Hotel, Chicago, according 
Chmn., Allegretti, Mason- 
ite Corp., and Donald Lubeck, Ham- 
mond Organ Co. 


“BETTER FACTORY FINISHING 
WOOD PRODUCTS” 


Thurs. a.m., Nov. 


Airless Spraying—Nordson Corp., Amherst, 
Ohio. Roller Coating—Gasway Corp., Chi- 
cago. Pressure Curtain Coating—Wilco Ma- 
chine Works, Memphis. Automatic Spray- 
ing—Binks Mfg. Co., Chicago. New Finish- 
ing Materials—Lilly Co., High Point, 

Featured speaker the Official Lunch- 
eon, will FPRS President, Dr. 
“Scotty” Harrar. 


Thurs. p.m., Nov. 


Conveyor Systems—Conveyor Systems, Inc., 
Morton Grove, Flow Coating and 
Dipping—Spra-Con Co., Chicago. Catalyst 
Spraying and Controlled Low Temperature 
Co., Toledo. Infrared 
Drying—Fostoria Corp., Fostoria, Ohio. 
Pumping Systems and Hydrospray Process 
—Gray Co., Inc., Minneapolis, Minn. 

Evening—T raditional “Paul Bunyan 
and Banquet. 


a.m., Nov. 

Preparation for Wood Finishing—a 
coated abrasives and their proper 
application preparation wood for bet- 
ter types sanding ma- 
chines, equipment and tools. “Abrasive 
Grits, Backings and Minnesota Min- 
ing and Mfg., St. Paul. “Sanding the 
Plant Layout,” Carborundum Co., Niagara 


Important FPRS Dates 


October 23, 1959: Rocky Mountain Section 


Meeting, Denver, Colorado. 

October 1959: Northeast Section 
Meeting, Worcester, Massachusetts. 

November 1959: North Central Re- 
gional Meeting, Chicago, Illinois. 

November 1959: Carolina—Chesa- 
peake Section Meeting, Hickory, 

December 3—4, 1959: Southeastern Section 
Meeting, Daytona Beach, Florida. 

June 5—9, 1960: Fourteenth National Meet- 
ing, Montreal, Canada. 


Falls, N.Y. Applications and 
Fri. p.m., Nov. 

Open Forum Wood Finishing Problems 


members the audience, 
and panelists. 


recommended that persons desiriny 
attend make hotel reservations 
Conrad Hilton hotel their choice 
early date. Pre-registration for the 
ing under the direction Roy 
the Wurlitzer Co., Kalb, Registra 
tion fee, per person. 


Carolinas-Chesapeake Section 
Explore Competi- 
tion” Hickory, C., Nov. 
12-13 


The Carolinas-Chesapeake Section 
hold its annual meeting Hicko: 
North Carolina, November 
13, according Ken Redman, 
tion Chairman. The theme 
and several the papers 
sented will relate this topic. How- 
ever, there will other papers de. 
ing with specific technical 
that will interest all those 
cerned with the conversion wood 
into useful products. For example, Dr. 
Stamm will give paper the 
Polyethylene Glycol. 


addition the presentation 
technical papers, there will several 
plant tours through some the sur- 
rounding furniture plants Friday 
afternoon. 

Sam Freeman, Chairman the Ar- 
rangements Committee, has obtained 
the facilities the Hickory Elks Club 
for the meeting. 
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Southeastern Section Meet 
Daytona Beach, Florida, 
Dec. and 


popular demand the Southeastern 
Section again holding its 1959 
ing Daytona Beach, Florida, De- 
cember and The-meeting will 
held the Daytona Plaza, large 
modern hotel the waterfront. 


THE 
FOREST PRODUCTS 


December 3—10:00 A.M.—Noon—Re 

tration 

1:30 AND PAPER, 
ing: William Belvin, Director, 
Foundation, Savannah, Georgia 

Chestnolvick, 
est Economist, International Paper 
pany, Mobile, Alabama. 

kamp, Forest Engineer, American Pu! 
wood Association, Sylacauga, Alabama 
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“Hardwoods for Pulping 
Ainsworth, Vice-President, Noralyn 
Paper Mills, Inc., Baton Rouge, Louisi- 
ana. 

Panel Discussion: William Belvin, 
Holekamp; Ainsworth; Ralph 
Parker, Pilot Plant Superintendent, Herty 
Foundation, Savannah, Georgia. 

P.M.—Business 
P.M.—Social Hour; 7:00 P.M.—Banquet 


December 4—9:00 A.M.—FINISHES AND 
PLYWOOD, Presiding: Reland West- 
gate, Plant Manager, Georgia-Pacific Cor- 
poration, Savannah, Georgia. 

“Printing Joe Thiel, 
American Marietta Corporation, Kanka- 
kee, Illinois. 

“Finishing Hoyt Bray, 
President, Reliance Varnish Company, 
High Point, North Carolina. 

Ber- 
nard Hewitt, Chairman, Industrial Ply- 
wood Company, Inc., Jamaica, New 
York. 


UTILIZATION, 
Presiding: Rufus Page, Technologist, 
Southeastern Forest Experiment Station, 
Asheville, North Carolina. 


“Continuous Carbonization Fine Resi- 
Charcoal Industries, Inc., Conway, South 
Carolina. 


“Unitized Parquet Ralph 
Peter, U.S. Forest Service, Athens, 
Georgia. 

“Background and Development 
Chip-Producing Briggs, Si- 
monds Saw and Steel Company, Fitch- 
burg, Massachusetts. 


“Economic Implications Chip-Produc- 
ing Brewer, Chip Procure- 
ment Supervisor, Buckeye Cellulose Cor- 
poration, Foley, Florida. 

Panel Discussion: Rufus Page, Mod- 
erator; Bill Briggs, Parks Brewer; Jake 
Griffin, Lumber 
Valdosta, Georgia; Lawton Holland, 
Simonds Saw and Steel Company, McRae, 
Georgia. 
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Lumber Seasoning 
Courses Nov. Dec. 


Two sessions six-day course 
lumber seasoning will offered 
the West Coast this fall according 
son, Director the California Forest 
Products Laboratory, and 
Espenas, Acting Director Forest 
Products Research the Oregon For- 
est Research Center. The first will 
held Corvallis, Oregon, beginning 
November 30, while the other will 
ginning December 

The two courses will similar 
organization, content and cost. Cooper- 
ating with the California laboratory 
are the Pacific Southwest Forest and 
Range Experiment Station 
School Forestry, University Cali- 
fornia. The Pacific Northwest Forest 
and Range Experiment Station and the 
School Forestry, Oregon State Col- 
are cooperating with the Oregon 
The U.S. Forest Products 
Madison, Wisconsin, co- 

perating with both organizations 
course materials. 
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John McDonald Named 
Journal Editor 


Madison—John McDonald, has 
been appointed editor the Forest 
Products Journal. graduate the 
University Wisconsin School 
Journalism, McDonald joined the staff 
the Forest Products Labora- 
tory editor research publica- 
tions 1951. 

the years worked the 
Laboratory, McDonald had oppor- 
tunity familiarize himself with 
from saw milling wood chemistry. 
collaboration with others the 
staff, performed edito- 
rial duties such 
lications the Wood Handbook and 
Wood-Frame House Construction, two 
the more widely disseminated pub- 
lications wood technology and its 
practical application. 

left the Laboratory 1958 
operate business his own, and 
was also associated with the Mutual 
Life Insurance Company New York 
before joined the Journal staff. 

“Being business for yourself 
McDonald said, “but welcome 
this opportunity re-enter the forest 
products field, and hope serve 
you well.” 


The course content aimed primar- 
ily for the benefit kiln operators, but 
personnel from management, supervis- 
ory and sales should find attend- 
ance profitable well interesting; 
and they are encouraged attend. The 
instruction will consist 
demonstrations, laboratory exercises, 
and actual operation the drying 
equipment the host laboratory. 

Enrollments will limited 
persons. Fee $75 person defrays 
actual costs, Application forms may 
obtained writing Department 
Conferences and Special Activities, 
University Extension, 2441 Bancroft 
Way, Berkeley California, the 
Oregon Forest Research Center, 
Box 571, Corvallis, Oregon. 


U.S. Forest Products Lab. 
Releases Five New 

Publications 

“Heating Rates for Logs, Bolts, and 


Flitches Cut into Veneer” the title 


the division timber proc- 
essing. describes method for quickly 
and easily determining schedules for heat- 
ing logs water steam before they 
are cut into high-quality veneer. 


Report No. 2152, “Effect Ventilating 
and Handholes Compressive Strength 
Fiberboard was prepared engi- 
contains data the reductions the 
strength fiberboard boxes that had ven- 
tilating and handholes cut into them. 

aid manufacturers producing im- 
proved designed for 
known weights commodities, new re- 
port, No. 2153, titled, 
Capacity Deck Boards for General- 
Purpose was compiled Engi- 
neer Heebink. added feature 
handy circular calculator, for computing 
deck-board thickness load capacity 
pallets, that can assembled from the last 
three pages the report. 


Report No. 1275, “Strength Tests 
Erickson, engineer the Laboratory, the 
result new methods making end joints 
and advances glues and gluing tech- 
niques that have been developed since pub- 
lication the original report. The Labora- 
Report No. 1983, “Hollow-Core 
Flush Doors,” also has been revised in- 
clude the latest information the design 
factors, fabrication, and 
hollow-core flush doors. 


Single copies these reports are avail- 
able free upon request from the Director, 
Forest Products Laboratory, Madison 
Wis. 


Five-Day Softwood Lumber 
Course Michigan State 
December 1959 


The course, cover grading, prop- 
erties, uses, will held the Kellogg 
Center, East Lansing, Mich. de- 
signed for wholesalers, retailers, lum- 
ber salesmen, inspectors, graders, 
building contractors, manufacturers 
and architects. 


Cooperating organizations include, 
the Southern Pine Inspection Bureau; 
Western Pine Association; West Coast 
Lumber Inspection Bureau; and Cali- 
fornia Redwood Association. 


During the first portion the staff 
the Dept. Forest Products will lec- 
ture and answer questions. During the 
remainder, representatives the Asso- 
ciation will discuss illustrate 
grades, rule books, etc. 

Registration fee, $40 per person. 
Rooms and meals extra, For formal ap- 
plication, write Softwood Lumber 
Course, Continuing Education Service, 
Mich. State U., Lansing, Mich. 
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Heavy Duty Routers 


Fast production, smooth finish, and 
easier set-up and operation are prom- 
ised for users the 1024 and 1036 
rounters introduced this year Ons- 
rud Machine Works, Inc., Niles 48, 
Ill. operated pneumatic 
control system for vertical feed the 
spindle one the important new 
features these machines. 


Electric Log Handler 


25-ton capacity electric log stacker, 
capable lifting entire truck-loads 
logs one bite, has been acquired 
the Allison Lumber Co., Inc., Bellamy, 
Ala. the company operation, trucks 
arrive the mill rate about one 
nine minutes, and 200,000 board 
feet are moved each day either directly 


(Professional Card) 


MATER ENGINEERING 


Professional consulting engineers for the forest 
products industry. 

Sawmill automation, design, modernization, 
tegrated plants, and 


economic studies. 
Box 410 
CORVALLIS, OREGON 
Phone Plaza 3-7335 


the mill decked the storage 
area. The stacker, built Le- 
tourneau, Inc., Longview, Texas, 
delivers average truck load 
tons the mill one minute. 


Automatic Hydraulic Slab Saw 


High speed hydraulic cut and feed 
with elimination stalling are claimed 
for new hydraulic slab 
duced Cornell Mfg. Co., Laceyville, 
Pa. The new saw cuts slabs 
inches wide, inches deep, and ad- 
justs cut lengths from 
inches. With discharge end exten- 
sion, lengths feet and more are 
handled. Valve features permit adjust- 
ment cutting and return stroke 
speeds. Saw requires hp. and 
uses 30-inch, 10-gage special tooth 
saw 1600 RPM. 


Waste Material Burner 


prefabricated refuse burner 
aluminized steel said resist rust and 
other forms corrosion has been de- 
signed with special doors that permit 
trucks dump refuse directly into the 
burner. Waste materials may also 
fed conveyor system, dust collecting 
system, manually. Wilco Machine 
Works, Inc., Municipal Airport, Mem- 
phis 14, Tenn., manufacture the 
burner ten sizes ranging from 
feet diameter upwards, 


New Hardwood Plywood Booklet 


The Hardwood Plywood Institute an- 
nounces page pocket-size compila- 
tion basic grade-use data and other 
information relative sales produc- 
tion hardwood plywood. The 
Figures, booklet includes photos 
different uses plywood; descrip- 
tions fixe different grades; and pho- 
tos and price information some 
classes and species material. Single 
copies are available request to: Hard- 
wood Plywood Institute, 2310 South Wal- 
ter Reed Drive, Arlington Virginia. 


Inquiries concerning employment listings 
ads placed the JOURNAL should 
addressed FPRS Employment Service, 
Box 2010, University Station, Madi- 
son Wis. Correspondence kept 
confidential. 


Employment Wanted 


570—Age 27. Will receive 
Degree Wood Products Merchandising 
from State College 8/27/59. De- 
sires Southern location. sales 


(Sept.) 


573—Position desired marketing 
management the particle board indus- 
try with yrs. experience quality 
control, product research and production 
the particle board, hardboard and lum- 
ber industries. Holds B.S. degree 
Wood Products with yrs. College. 
(Sept.) 


combination. 
years experience chemistry; engi- 
neering with industry. Holds degrees 
chemistry and biology, plus graduate credits. 
Now located midwest. (Oct.) 


576—Production Mgmt. product 
velopment plywood, particle board, 
sales. promotion. Two years experi 
ence plywood production, Calif. BS. 
Forest Products, Washington. Prefer 
Coast but will consider elsewhere. (Oct. 


577—Avail. Jan. Finishing M.S. 
forest products chemistry. Some experien: 
pulp and paper research. Courses 
perience ultra-violet and infra-red spe 
trophotometry, microscopy, ion-exchang 
chromatography. Desires position chen 
istry, preferably bark lignin research 
development. Age 27. Married. Locate 
where. (Oct.) 


Positions Offered 


359—Semi-Technical Salesman 
work Northern 
Oregon area calling saw mills and 
other industries with national line 
chemicals. Should have some sales 
ence and forestry chemical background. 
Age 40. Salary plus incentive 
pensation. Please send resume and refer- 
ences, (Sept.) 


360—Association field representative. 
Wide range work; some travel. Recent 
graduates wood technology forestry. 
Some experience. Job will provide experi- 
ence sales and technical consultation. 
South. (Oct.) 


363—Sales reps. for hardboard manu- 
facturer Eastern half U.S. Major firm: 
full benefits; experience desirable. (Oct.) 


362—Michigan Case Goods plant secks 
assistant superintendent having consid- 
erable machine room production background 
and experience—permanent position with 


substantial opportunities for advancement. 
(Oct.) 


One Car 10” 
Hardwood 
Stacking 


Sticks 


Mill 


GAIENNIE 
Wholesale Lumber Co. 


BOX 1774, SHREVEPORT, LA. 


SEPTEMBER, 195° 


| Literature 
| 
a 
da é q 
4 
q 
7 
\ A 
i wo NP 


nt 


BACTERIAL ATTACK 


FOREST PRODUCTS JOURNAL 


VOL. IX, NO. 9 
SEPTEMBER. 1959 


Pine Logs Pond Storage 


University California Forest 
Products Laboratory, Richmond 


Sapwood pine logs stored 
ponds may develop 
extensive porosity. Successful 
water treatments have 
disadvantages; pretreating 
logs didn’t work. 
Decking logs under sprays 
best until satisfactory 
treatments are developed. 


THE SPRING 1958, was 

brought the attention the Uni- 
versity California Forest Products 
Laboratory that some difficulties were 
arising manufacturing plants 
the treatment pine millwork with 
water-repellent preservative solutions 
(WRPS). typical case, all affected 
lumber had previously been stored 
logs large pond. considerable 
part this lumber, when treated 
the standard 3-minute immersion 
WRPS, became completely saturated. 
Vacuum treatment did not overcome 
the difficulty. 

addition heavy loss treat- 
ing solution and undesirable solvent 
odors from the treated lumber, paint- 
ing and finishing were also affected, 
because the water-repellent solvent 
common solvent for most paints and 
finishes. Even one month after treat- 
ment, painting the over-absorptive 
material (so-called stock’’) re- 
sulted lifting and bubbling the 
paint (Fig. 2). Further complications 


Session VII, Logging, FPRS 
National Meeting, June 1959, 
Francisco, Calif. 

parentheses refer the Litera- 
‘ure Cited the end this report. 
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Fig. 1000 gallon-capacity pond test cells with pump for filling the cells. 


may also with the devel- 
opment prefinishing operations 
sawmills. The effect this deteriora- 
tion pulping has not yet been 

The Laboratory was asked estab- 
lish the cause the excessive porosity 
the lumber and recommend con- 
trol methods. 


Conditions and Nature Attack 


Effect Wood: Microscopic ex- 
amination excessively porous pon- 
derosa and sugar pine sapwoods 
showed that only the ray tissue 
sapwood was visibly affected. mod- 
erately porous sapwood, all ray cell 
contents (mainly starch, detected 
from staining) were 
extremely porous sapwood, the thin- 
walled ray parenchyma cells were also 
destroyed (Figs. 4), that the 
porosity the wood was greatly in- 


The Authors: Eric Ellwood holds from 
the University Melbourne, Australia, and 
PhD from Yale. chief the Div. 
Timber Physics and Mechanics the California 
Laboratory. 

Barton Ecklund holds wood tech- 
wood technologist Laboratory. 


creased without substantial decrease 
strength. deterioration the 
tracheids (including 
was observed. 


Cause Deterioration: Lindgren 
studies southern pine, has 
recorded similar symptoms result 
attack the mold fungi, Tricho- 
derma spp. Microscopic inspection 
the material involved the present 
investigation, however, did not show 
active attack this any other 
fungus. Further, the virtually anaero- 
bic conditions pond storage are not 
favorable fungal growth. the 
other hand, large numbers rod- 
shaped bacteria were observed the 
affected wood; they were not apparent 
sound wood. 

this point the study, was 
learned that Stutz and Stout (8), 
the Western Pine Association, in- 
vestigations brown stain some 
months earlier, had attributed the 
cause excessive porosity pine sap- 
wood rod-shaped bacteria. Evidence 
quent investigations, indicated 
bacterial attack occurred primarily 
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Fig. 2.—Blistering paint treated millwork caused excessive 
retention treating solution. 


wood that was stored 
ponds. 

The identity the bacteria was un- 
known but their deteriorating effect 
was apparently favored anaerobic 
seemed probable that ex- 
cessive porosity found the present 
instance was caused the same type 
organism that found the 
Western Pine Association. 

The authors know only two other 
recorded cases possible bacterial ef- 
fects wood stored water, both 
very recent. Findlay (5) refers 
bright orange stain beech logs that 
wete wholly submerged 
Suolahti and Wallen (9) found that 
sapwood that had been stored 
wet for some time took water 
readily after was dried. They as- 
cribed the increase porosity de- 
crease pectin the result the 
action micro-organisms. 


Effect Pond Storage Conditions: 
relate the bacterial attack pond 
storage conditions, three separate lots 
ponderosa and sugar pine logs 
were removed from large, stagnant 
millpond, and cross sections the 
logs were examined. Material was also 
obtained from fresh non-ponded logs 
and from logs decked under sprays. 
The cross sections were oven dried 
and then water-repellent 
solution determine the extent 
porosity. 

The cross sections were from the 
following material: (a) sound and 
salvage logs that had been felled 
not more than before 
inspection, and ponded; 
(b) ponded logs that rested the 
top the log bundle and clear the 
water; (c) logs partially immersed 
water virtue their position the 
log bundle; (d) logs that had been 


completely immersed the pond wa- 
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ter for periods days, two 
months, and one year, respectively; 
and (e) logs that had been decked 
under sprays for three months. the 
same time, samples pond water 
were taken for analysis organic 
matter, oxygen, and bacterial content. 


The examination showed exces- 
sive sapwood porosity fresh and 
salvage unponded logs, nor ponded 
logs that were resting clear water 
the tops bundles. The sapwood 
logs stored decks under sprays 
was also sound. bacteria were evi- 
dent moisture expressed from these 
samples. 

The cross sections taken from the 
centers 32-foot logs sugar and 
ponderosa pine showed high porosity 
sapwood that had been completely 
immersed for days. Bacteria 
were also present. All material that 
had been completely immersed for two 
high porosity the center cross sec- 
tion the log sapwood, together with 
high bacterial content. 

The logs that were partially im- 
mersed pond water showed very 
high porosity all 
mersed sapwood, but very slight evi- 
dence attack sapwood above the 
water line. Fig. shows the relatively 
sharp demarcation between 
and non-porous sapwood the water 
line. with previous tests, 
teria were found the non-porous 
portions sapwood logs, 
although large numbers were found 
the very porous sections. 

Examination for variation 
festation along the length the log 
showed that, apart from somewhat 
heavier attack the very ends, the 
infestation appeared fairly uniform 
throughout the length. 


‘very porous areas the wood first 


= 

PREY 


Fig. 3.—Photomicrographs radial view sound (top) and in- 
fected (bottom) ponderosa ray tissue. Severely infected ray 
shows depletion ray cell contents and disintegration 
ray parenchyma. 


appeared pie-shaped, radial zone 
that gradually extended over 
whole the sapwood (Fig. 
attack became more severe. This 
pearance suggested 
the bacteria into the log could 
cur radially, probably through 
the bark and bruised areas, 

Apart from strong (and offensive 
sour smell the green infected wood 
macroscopic evidence attack was 
apparent the logs either 
green dried condition. The mos: 
satisfactory method found for deter 
mining the extent infected wood 
was dip the material light 
for few seconds, The porous areas 
were immediately stained the ab- 
sorbed oil. 

Determination dissolved oxygen 
content showed extremely low 
(0.0 0.8 ppm), which virtually 
anaerobic condition. 

standard plate count yielded the 
high value 290,000 
cc. water. analysis pond wa- 
ter made the Department Public 


Fig. 5.—Cross section ponderosa pin 
log that was partially immersed pon: 
during storage. Excessive sapwood 
developed the lower two-thirds 
log, which was completely immersed ponc 
water. 
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Fig. 4.—Photomicrographs tangential view sound and infected 
ponderosa ray tissue. Left normal ray tissue; Right: severely in- 
fected wood showing disintegration ray parenchyma. 


Health, University California, 
follows: 


0.0 
13.0 
40.0 
38.0 
volatile suspended solids 37.0 


The the water was 6.8. 


was concluded that: (a) bacteria 
were probably responsible for the de- 
terioration; (b) bacteria caused de- 
terioration only under virtually 
bic conditions such existed the 
pond water; (c) the logs were prob- 
ably being infected the high bac- 
the pond water; (d) sufficient organic 
material was present the water 
enable rapid development the bac- 
teria; and (e) the fact that attack ap- 
parently occurs only 
anaerobic, wet conditions provides 
partial explanation why com- 
plaints arising from 
work have become more frequent 
recent years. 

Over the years, the increasing need 
reduce water waste 
has probably caused decline the 
number log ponds through which 
tresh water runs, while, the same 
time, the use 
ments has increased. The combination 
these factors has 
problem excessive porosity 
millwork, 


Experimental Approach 


method controlling the bac- 
activity was sought the re- 
company concerned with 

infestation. Consultations were 
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Fig. 6.—Cross sections cut from logs immersed pond water 


for weeks. The excessively porous sapwood shows darkly stained 
wood result heavy adsorption water-repellent solution. 


comparison, the section the lower central position shows normal, 
uninfected wood that was not ponded. 


held with Dr. Stout the Western 
Pine Association, plant pathologists, 
bacteriologists, and water-treatment 
specialists. first approach, was 
decided undertake water-treatment 
tests obtain control bacterial ac- 
tion, and proceed concurrently with 
attempts identify the causative bac- 
teria, that accelerated toxicity tests 
and control methods could tested 
pure cultures the Laboratory. 

The direct control measures consid- 
ered were: (a) chemical treatment 
the pond water itself; (b) 
treatments, such control aeration 
and temperature; (c) treatment logs 
before they were ponded; 
duction microorganisms that are 
antagonistic causative bacteria; and 
(e) recirculation pond water 
pumping conjunction with filtration, 
chemical treatment, both. 

Alternative was regarded 
“last type treatment because 
the relatively high cost establish- 
ing and operating such system. 
experimental work was done 
alternative (d). 

this study, the main emphasis 
was given alternative (a) the 
basis that over-all treatment cost would 
chemical with residual toxicity could 
introduced into the pond water. 


Water Treatment and Wood 
Pretreatment Tests 


Test Methods: evaluate the 
effect chemical treatments the 
activity the causative bacteria the 
pond water, two series tests were 
set up. The first consisted labora- 
tory screening tests designed select 
those chemicals that controlled the ac- 
tivity the bacteria. The second se- 
ries were larger scale tests the pond 


itself, designed evaluate the more 
promising laboratory treatments 
situation similar field conditions. 


Laboratory screening tests: Freshly 
cut blocks sound Pinus ponderosa 
prepared from logs that had been re- 
cently felled and that had not come 
contact with pond water. Duplicate 
chemical treatments were applied 
aliquots pond-water samples, 
which 700 cc. were then placed 
Mason jars with perforated 
lids. Samples water for the test were 
periodically obtained from the pond. 
Five hours after water treatment, one 
wood block was immersed each jar 
treated water, and the jar was then 
kept 90° and per cent relative 
humidity. Fig. shows the laboratory 
screening test jar arrangement. The 
wood samples were removed from the 
water approximately one-week 
tervals, which times cross 
section was cut from the lower end 
each block, the remainder 
turned the jars for subsequent sam- 
pling. The sample cross sections were 
immediately oven-dried and then im- 
repellent solution. The percentage ab- 
sorption solution 
indicated the degree porosity de- 


Fig. screening-test jar ar- 
rangement, showing complete sapwood speci- 
men and section that was re- 
moved from the specimen intervals for 
exomination porosity. 
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veloped, and therefore the degree 
activity the causative bacteria. 
some contamination the blocks with 
was common when the cross 
sections were cut from them during 
the test, indication the ability 
the chemical water treatment pro- 
tect against recontamination was also 
provided. 

all screening tests, two types 
controls were used. one control 
treatment, the Mason jar containing 
wood blocks immersed pond water 
was immediately sterilized auto- 
clave for minutes psi, then 
sealed. the other control treatment, 
sound wood blocks were immersed 
untreated pond water provide 
measure the extent porosity de- 
veloped under the conditions test 
when treatment chemicals were 
applied. 

The chemicals used laboratory 
screening tests were chosen cover 
range both recognized bacteriostats 
and several other treatments suggested 
various authorities. 


Pond cell tests: 
treatments larger scale and under 
conditions more nearly approaching 
those field use, eleven 1,000-gallon- 
capacity cells were constructed the 
pond, Each cell consisted two lay- 
ers plastic sheeting protected 
canvas layer around the plastic. The 
cells were feet deep, with cross 
section feet inches feet. The 
construction was arranged that the 
opening each cell was supported 
wooden frame attached balsa 
raft floating the pond. The plastic 
bags were inserted through central 
openings the rafts, and filled with 
1,000 gallons pond water means 
metered pump. The arrangement 
the pond cells and the method 
filling are shown Fig. 

this test arrangement was pos- 
sible include effects pond depth, 
temperature variations, and proportion 
wood water, but not the influence 
contact with soil debris the 
bottom the pond. 

Different chemical treatments were 
applied the 1,000 gallons water 
each cell, and the cell contents were 
tested for uniformity composition 
before the inclusion test blocks. The 
elapsed time between treatment cell 
water and inclusion test blocks 
was normally hours. The test blocks 
consisted 1-foot lengths sawn from 
freshly cut, 12-inch- diameter Pinus 
ponderosa logs that had not been 
ponded. Random allocation blocks 
individual cells was adopted, with 
the inclusion several blocks each 
Matched blocks were suspended 
the adjacent, untreated pond water 
controls. intervals from one 
week one month, blocks were re- 
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moved from each cell and from the 
pond and sent the laboratory for 
evaluation porosity the oven- 
drying and dipping technique. 


Pretreatment material before 
immersion pond water: evalu- 
ate the effects diptreating the wood 
before immersion infected pond 
green Pinus ponderosa sapwood were 
treated different methods and then 
immersed containing gallon 
pond water. 

Because the relatively high pro- 
portion wood water the 
compared with conditions the 
pond, one group samples was sur- 
face-washed after treatment. this 
means, the concentration chemical 
applied the water was reduced. 
this screening test, was realized that, 
satisfactory control bacterial ac- 
tivity were obtained, the results would 
need checked immersing pre- 
treated logs much larger volume 
water obtain more realistic 
appraisal. 

Successful laboratory 
ments were subsequently tested 
larger scale pretreating log sections 
before they were ponded. Two-foot- 
long sections from freshly cut Pinus 
ponderosa logs were dipped solu- 
tions chemicals before immersion 
the pond. some cases, strips 
bark were removed after the sections 
were dipped simulate conditions 
that normally arise handling, strap- 
ping, and moving logs around the 
pond. 

Untreated and treated cross sections 
the logs were suspended the 
pond. determine the variation 
the rate porosity development over 
several months, fresh, untreated con- 
trol samples were periodically placed 
the pond. 

For both the laboratory-jar and 
pond-immersion tests, wood porosity 
was determined intervals approx- 
imately one week oven-drying and 
dipping treated samples. 


Results and Discussion Water 
Treatment Tests 


Laboratory screening tests: Ap- 
proximately 150 laboratory screening 
tests were made various chemicals. 
was anticipated that they would 
have some bacteriostatic effect either 
acting the bacteria themselves 
affecting the enzyme system. 

Because relatively large volumes 
water are involved, any economically 
attractive chemical treatment the 
water required that the chemical added 
should cheap and effective rela- 
tively few parts per million. The max- 
imum concentrations the chemicals 
used the tests were therefore re- 


‘stricted economic considerations. 


Table shows those treatments that 
had some effect retarding con- 
trolling the development porosity. 
may seen from the table that, 
while number chemicals provided 
complete control for short period, 
the majority were ineffective after the 
blocks were immersed the water for 
one month. 

The only treatments that 
attack for one month relatively low 
concentrations were: ppm pen 
tachlorophenol plus 100 ppm 
tergent; ppm sodium pent:. 
chlorophenate; ppm organ: 
mercurial (Panogen); acidification 
2.0-3.0 with various 
flocculation with aluminum sulfate. 

considerably higher 
tions, 10,000 ppm per cert 
hydrogen peroxide, 20,000 ppm 
sodium chloride, 50,000 ppm 
fite waste liquor, and 50,000 ppm 
tannic acid were effective for the dur. 
tion the test. 

work was done the organic 
curials because the question tox 
hazard. The alkaline treatments 
discarded because the 
darkening the wood. Tests 
were continued the pond cell 
were reduced sodium pentachloro- 
phenate, acidification with sulfuric 
acid (the cheapest acid available) and 
hydrochloric acid, flocculation 
with aluminum sulfate. Although the 
amount sodium chloride required 
was large, this test was also continued 
because the low cost salt. 

Additional treatments that resulted 
apparent control are shown 
Table this connection, additional 
tests were made with 
chlorite, recognized water-treating 
chemical, ascertain the amount nec- 
essaty maintain chlorine residuals 
the water. was found that the 
consumption chlorine organic 
matter the water, including logs, 
was great that chlorine treatments 
not economically feasible. 

During the tests became apparent 
that the technique removing por- 
tion each test block for 
resulted re-infection the blocks. 
This was most apparent the 
ments which the pond water was 
heated before immersion the test 
blocks. all cases where the 
was heated 160° more, com- 
plete control was obtained for the 
week. After each block was cut, hov 
ever, attack occurred the block 
was replaced the jar. This beh 
vior indicates that rapid developmer 
the causative organism 
and that any treating method would, 
necessity, need have fairly lon 
residual effect economically feas 
ible. The laboratory jar screening 
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against recontamination the water 
wood well measure initial 
control the causative organisms. 


Pond cell tests: The results the 
cell tests are shown Table 
While several treatments showed some 
-ontrol for one week only, two treat- 
ments, namely acidification with sul- 
‘uric acid 2.5 and sodium 
chloride, were effective for the dura- 
the tests. 

Subsequent long-term tests were set 
test the duration effectiveness 
both these treatments well 
sulfate 250 ppm. date, 
acidification 2.5 with sulfuric 
acid has proved completely effective 
two months. The long-term test 
cell containing sodium chloride was 
damaged during this test with resultant 
loss salt and attack the log sec- 
tions. However, subsequent long-term 
laboratory jar tests with salt still show 
effective control after 

Although this stage data are 
available the possible absorption 
acid pond bottom debris and soil, 
the amount concentrated sulfuric 
required acidify pond water contain- 
ing logs was 4,595 Ib. per million gal- 
lons water. Conductometric-poten- 
tiometric titration the pond water 
showed that the water was slightly 
buffered above 4.4. The effect 
buffering acid requirements was 
therefore comparatively slight. 
price $20 per ton acid as- 
sumed, the total cost chemical for 
this treatment approximately $46 per 
million gallons water. Cheaper 
sources acid, such waste products, 
are probably also available. The cost 
salt ($6 per ton) general would 
prohibitive $498 per million gal- 
lons, but the control obtained indicated 
that storage sea water would 
effective. 

Although the cost sulfuric acid 
for control makes its use economically 
feasible, this chemical has some disad- 
vantages. With respect corrosive 
effects metal, corrosion accele- 
rated below Corrosion tests 
metal strips placed acidified pond 
water indicated that corrosion rate was 
approximately double that non-acid- 
ified pond water. With regard cor- 
rosion effects the mill, however, 
believed that washing and debark- 
ing the logs would remove most 
the free acid and thereby reduce the 
corrosion hazard very low value. 

The presence sulfates can cause 
deterioration concrete footings im- 
mersed acidified water. The action 
mixes are available with 
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Table TEST CHEMICALS SHOWING SOME BACTERIOSTATIC EFFECT 
LABORATORY JAR SCREENING TESTS 


Chemical Immersion period* 
Concentration One week Four weeks 
Chlorinated phenols: 
Pentachlorophenol 
Sodium pentachlorophenate (penta) 
Ethyl mercuric phosphate 0.5 (Hg) 
Panogen mercuric cyanamide 
diamide) 


Quarternary ammonium compounds: 
Hyamine (50% methyl tri- 


Oxidizing agents: 
Hydrogen peroxide (30%) 1000 
Flocculating agents: 
200 oO >! 
Inorganic salts: 
Sodium nitrite 300 
Sodium chloride 10,000 
Miscellaneous chemicals: 
Sea water 100,000 
Sulfite waste liquor 
Sulfur dioxide 100 
control che micals: 
Hydrochloric acid topH 2.7 
Sulfuric acid topH 2.0 
Nitric acid topH 2.0 
Perchloric acid topH 3.0 
Trichloroacetic acid topH 3.0 
Temperature control: 
for one hour 
for one minute 
160°F. for one hour 
212°F. for one minute 
for one hour 
Untreated sapwood blocks wrapped 
aluminum foil and not immersed 


Table WATER TREATMENTS TESTED WHICH PROVIDE CONTROL THE 
MAXIMUM CONCENTRATION LISTED LABORATORY SCREENING TESTS 


Treatment Concentration Chemical 

ppm 

Methylisothiocyanate 

Calcium hypochlorite 

Hydrogen sulfide saturation 

Sulfate pulp liquor 10,000 

Sodium hydroxide 10.5 

Ferrous sulfate 100 

Copper sulfate 
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The toxic hazard acidified pond 
water workmen not considered 
severe. 


this stage, although has been 
shown that control sapwood infesta- 
tion can achieved, the ideal chem- 
ical from the aspects duration 
effect, freedom from undesirable side 


effects, and attractive cost, remains 
found. 


Results and Discussion Wood 
Pretreatment Tests: Pretreatments 
and their effectiveness the labora- 
tory jar tests are shown Table 
Three pretreatments with hydrogen 
peroxide, formaldehyde, and sodium 
hydroxide were successful prevent- 
ing attack over four-week period. 
Rinsing the samples with water after 
pretreatment and before immersion 
the infected water did not alter the re- 
sults. probable that the concentra- 
tion chemical used was sufficient 
exert bacteriostatic action the in- 
fected water. Because formaldehyde 
caused darkening the wood, only 
hydrogen peroxide and sodium hydrox- 
ide pretreatments were continued 
pond tests with log bolts. 


The results the larger scale pond 
tests, which the effect the pre- 
was absent, are shown Table 


The only treatments that showed 
short-term control were those which 
the bolts were placed the pond 
All treatments had completely failed 
the end the three-week test pe- 
simple chemical pretreatment the 
logs offers little opportunity for ob- 
taining control. Abrasion the log 
provides opening after 
treatment, which would common 
entry path for the causative organ- 
isms. Even some fixation the 
treating chemical with the surface 
the bark wood occurred, the resid- 
ual amount would small because 
the leaching action the pond 
water. 

Examination the untreated con- 
trol log sections that were periodically 
placed the pond over interval 
able differences the rate porosity 
development. The rate was compara- 
tively slow the coldest season 
the year with pond water tempera- 
ture 57° F., and most rapid the 
warmest season when the water tem- 
perature was 91° This behavior 
was indicative attack meso- 
philic organism. 


Bacteriological Studies 


Concurrently with the development 
screening tests for evaluation 
control methods, work was begun 
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the identification and occurrence 
the causative bacteria. undertake 
this phase the work, bacteriologist 
was employed for four months. Con- 
sultations were also held with Dr. 
McCoy the Department Bac- 
teriology, University Wisconsin, 
the suggestion Dr. Stout the 
Western Pine Association, and with 
Dr. Ark the Department 
Plant Pathology, University Cali- 
fornia, Berkeley. 


Procedure: Initially, work centered 
around the development techniques 
permit production pure cultures 
bacteria from the infected wood 
and from the infected pond water. 
Distilled water and sterile pond water 
were then inoculated with the pure 
culture, and Mason-jar screening tests 
were made sound wood blocks im- 
mersed the inoculated water 
manner similar that described for 
evaluation bacteriostats. 


Cultures from the water were made 
the pour-plate method, with both 
nutrient agar and starch dextrose agar. 
The cultures were incubated both 
aerobically and anaerobically 90° 
and percent relative humidity. 
wide variety cultures was ob- 
tained. 


Cultures infected wood samples 
were made from moisture squeezed 
from the wood, and from wood chips. 
All cultures were grown agar un- 
der both aerobic and anaerobic condi- 
tions. The squeezings and sawdust 
yielded and some 
micrococci. The wood chip growth 
was more varied, and yielded gram- 
positive cocci, and rods that were 
and 
gram-variable. 

Examination the morphological 
characteristics these cultures, micro- 
scopic examination bacteria, 
and specific tests their carbohydrate 
reactions indicated that the most 
abundant bacteria were Bacillus 
cies, some which were tentatively 
identified cereus, macerans, 
Pseudomonas sp. and Sarcina sp. were 
also present. 


These cultures 
ferred starch dextrose agar slants 
pure cultures. Distilled 
water, both sterilized 
ized, and sterilized pond water, 
jars, were then inoculated with the cul- 
tures and incubated 90° for 
three days. All glass was sterilized 
autoclave prior testing. Steriliza- 
tion pond and distilled water was 
accomplished autoclaving for 
Complete sterilization the wood 
blocks was achieved the same 
schedule: for surface sterilization, the 


blocks were momentarily dipped 
boiling water. 


Sound ponderosa sapwood blocks, 
both sterilized and non-sterilized, were 
then immersed the jars. The jars 
and contents were kept 90° for 
one week before examination the 
test blocks. The method testing for 
attack the wood was adsorption 
water-repellent solution the blocks 
after they were oven-dried. 


Several series these tests were 
made. They covered the cultures ob- 
tained from pond-water-infected wood 
and cultures bacteria obtained 
the California State Department 
Public Health and from Dr. 
University Wisconsin. The 
obtained from the California 
Department Public Health 
cereus and Pseudomonas sp.; 
Dr. McCoy, polymyxa (strains 
and 510) and 


mixtures cultures were tested. 


Cultures were also 
sound, freshly felled logs cut 
sound and salvage trees. Precautions 
were taken minimize the possibil:ty 
infection after the trees 
felled. Cross sections were cut from 
the trees along the log length and 
shipped directly the 
where wood chips 
from the center the sections under 
aseptic conditions. Some gram-positive 
bacterial rods were obtained and 
tested against wood blocks. 


Results Laboratory Jar Tests 
Development Wood Blocks: Table 
shows the extent porosity devel- 
oped ponderosa sapwood blocks 
immersed water inoculated with 
various cultures. Comparison con- 
trols and shows that steril- 
ization treatment the wood block 
before immersion resulted slightly 
less porosity when the blocks were 
surface sterilized partly 
This behavior was conformity with 
the laboratory screening tests 
evaluation bacteriostats, where 
rosity developed 
sound wood blocks immersed 
ized distilled water. 
that apparently sound wood may 
tain bacteria that are capable 
tacking the wood when 
under water. The development 
attack very much slower than 
obtained when the specimens are 
mersed water containing 
with control 


The most severe 
porosity was obtained with 
B56, B100, cereus, and po: 
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Table POND CELL EVALUATION WATER TREATMENTS 
WOOD POROSITY 


Chemical Concentration Immersion 
ppm One week Four weeks 
Chlorinated phenols: 
plus ppm deter gent 
Flocculating agents: 
Aluminum sulfate +18 250 
control chemicals: 
Sulfuric acid 2.5 
Hydrochloric acid 2.5 
Miscellaneous: 


Chloropicrin 
Mylone(3, 5-dimethyltetrahydro -1, 3-5, 
2H- thiadiazine-2-thione) 
Sodium chloride 20,000 ---* 
Arsenic trioxide 
Sodium azide 2.5 
Borax 
Aeration (by air injection) 


*cell damaged with loss salt 
complete control; partial control; XX=no control 


Table LABORATORY SCREENING TEST RESULTS WOOD PRETREATMENTS* 


wood specimens 
before immersion jars 


Dipping 
time 
minutes) 


mmersion periog™ 


One wee 


30% formaldehyde 
50% hydrogen peroxide 
10% sodium hydroxide 
Chlorine gas 
Paraffin wax-coated samples 
Untreated samples 


Similar results were obtained when wood samples were rinsed with water after treatments 
and before immersion pond water. 


Table EVALUATION WOOD PRETREATMENTS POND 


Chemical applied bolts before Dipping Partially debarked Immersion period** 


immersion time ofter dipping One week weeks 
“ " " 30 sec. * x xx 


Strip bark removed after dipping. 
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myxa 30, for which the porosity ap- 
proached exceeded that developed 
wood blocks immersed untreated 
pond water (control Y). Although 
some increase porosity was obtained 
cultures B13, macerans, and 
polymyxa 510, the extent the in- 
crease was within the range obtained 
sterile control 
treatments that were variously con- 
ducted throughout the investigation. 

The active attack culture B56 
further indication that causative bac- 
teria may occur the living, sound 
tree well the pond water. 
this regard, the presence bacteria 
living bark and wood has been re- 
corded other investigators (2, 
4). 

Table shows the development 
porosity affected sterilization 
the sapwood blocks before immersion, 
and the influence anaerobic condi- 
tions. this test, one set test jars 
was sealed with paraffin wax after im- 
mersion the blocks. This was done 
more closely approximate anaerobic 
conditions. 

may seen from this test that: 
(a) increase porosity developed 
sterilized sapwood blocks immersed 
sterilized pond water under either 
aerobic anaerobic conditions (cf. 
treatments and J); (b) po- 
rosity increased non-sterilized blocks 
immersed sterilized pond water un- 
der both anaerobic and aerobic condi- 
tions, with the increase being greater 
under anaerobic conditions (cf. treat- 
ments and J); (c) porosity 
substantially increased sapwood 
blocks immersed non-sterile pond 
water, with the increase being greater 
for the non-sterilized blocks and ap- 
parently independent the condi- 
tions aeration (cf. treatments 
and J); and (d) abnor- 
mal porosity developed either steril- 
ized non-sterilized sapwood that 
was wrapped aluminum foil for the 
duration the test. 

The indications therefore are that 
(a) some causative bacteria exist 
the wood and are capable develop- 
ing porosity the wood when 
immersed non-infected water, but 
not when stored wrapped; and (b) 
the rate porosity development was 
not markedly affected the differ- 
ences aeration obtained the test 
sealing the jars. 


Determinative Tests Isolated 
Bacteria: Determinative tests car- 
Bergey’s manual (1), were begun 
pure cultures. From these tests, tenta- 
tive identifications the bacteria as- 
sociated with the development 
porosity were made (Table 8). 

All these bacteria have been previ- 
ously isolated from 
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rials (7), but none known cause 
degradation cellulose. polymyxa 
related hemp-retting bacteria, 
and capable attacking hemicel- 
lulose and pectin. Since the 
myxa caused the greatest in- 
crease porosity test blocks, 
reasonable suppose that their action 
wood substance may primarily 
containing, compound middle lamella 
(10). Such attack could then re- 
sult separation the parenchyma 
cells and the disintegration the soft 
ray tissue. The extractive carbohy- 
drates the sapwood ray 
vide initial medium for establish- 
ment micro-organisms. The strong, 
sour smell infected lumber 
caused production organic acids 
result carbohydrate breakdown. 


cereus must also suspected, 
for although the strain isolated from 
fresh, non-ponded logs caused but 
increase porosity, pure cul- 
ture obtained from another source 
caused relatively severe porosity. 


megaterium not recorded 
attacking hemicellulose, and true 
aerobe. therefore unlikely that 
this species responsible for the de- 
velopment under stagnant 
pond storage conditions. More exten- 
Sive tests are required confirm these 
findings. 

Although relatively few organisms 
that caused porosity were isolated 
these tests, entirely probable that 
considerable group similar or- 
ganisms are involved. also likely 
that different strains any particular 
organism may vary their ability 
act wood. 

The optimum temperature for de- 
velopment most bacilli, including 
polymyxa, 85°-95° (1). This 
could explain the exceedingly rapid 
development porosity observed 
summer months (water temperature, 
91° F.) compared with rate ap- 
proximately one-third fast win- 
ter months (water temperature, 58° 
F.). Also, there was some indication, 
from the survey millponds, that 
higher altitudes (and lower water 
temperatures) attack was 
nounced. 


Because both polymyxa and 
cereus ate spore formers and are 
widely distributed, apparent that 
any effective control method will ne- 
treatments that are continu- 
ous their inhibiting effect vege- 
long-term their effectiveness. Other- 
wise, the bacterial population 
ponds will quickly 


spores. 
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Table 7. RETENTION OF WATER REPELLENT SOLUTION BY SOUND P. ponderosa 
SAPWOOD BLOCKS AFTER IMMERSION FOR ONE WEEK IN WA\ 
Control treatments Retention 
(per cent of OD wt.) 
sterile pond water - sterile wood - aerobic 15.8 
sterile pond water - non-sterile wood - 
aerobic 21.7 
sterile pond water - sterile wood ~ 
anaerobic 49 
sterile pond water - non-sterile wood « 
anaerobic 28.0 
non-sterile pond water - sterile wood - 
aerobic 
non-sterile pond water - non-sterile wood = 
aerobic 
non-sterile pond water - sterile wood - 
anaerobic 
non-sterile pond water - non-sterile wood - 
anaerobic 
sterile wood not immersed 
non-sterile wood not immersed 


Survey Porosity Development 
Wood Immersed Various 
Millpond Waters 


Samples water were collected 
from eight different millponds ad- 
dition the original test pond. All 
ponds had continuous water make-up 
and overflow, but case was 
there rapid exchange pond water. 
Sound, fresh ponderosa sapwood 
blocks were immersed samples 
the water from the various ponds, and 
maintained for one week, after which 
porosity was evaluated adsorption 
ously described. The results are shown 
although some porosity developed 
the blocks immersed distilled water 
only, the bacterial activity was con- 
siderably greater those blocks im- 
mersed pond water. was not pos- 
sible obtain log sections from all 
millponds, but material from two out 
three ponds showed development 
excessive porosity the sapwood. 
the case where excessive poros- 
ity was observed the pond-stored 
sapwood, the logs were generally not 
left the pond for more than one 
week. apparent that bacterial at- 
tack ponded logs, least the 
cases surveyed, more the rule than 
the exception. 


Conclusions and Current Status 
the Investigations 


Extreme porosity developed 
the sapwood ponderosa and sugar 
pine logs when they were pond-stored 
virtually stagnant water. Only the 
immersed portions the log were 
affected. The development the 
porosity was most rapid under sum- 
mer conditions when water tempera- 
ture was 90° excessive porosity 
was observed logs from the same 
source after they had been decked 
under water sprays for similar 
period. 

California showed that the occurrence 
excessive porosity was widespread 
and varying intensity, and de- 


mainly the log storage 


period and the water temperatures. 


Table 9. PERCENT RETENTION OF WATER REPELLENT SOLUTION BY 
SOUND P, ponderosa SAPWOOD BLOCKS IMMERSED IN POND WATER 
FROM VARIOUS SOURCES 


One week immersion Two weeks immersion 


1 (original test pond) 
Control X (wood and water 
sterilized) 


heavy over-adsorption water-repel 
lent preservatives used 
millwork, with subsequent 
painting and finishing. The effec: 
porosity factory surface-finish 
ing operations and pulping character- 
istics has not been investigated. Th: 
Western Pine Association has asso 
ciated brown stain ponderosa pin: 
with organisms causing porosity. 

The excessive porosity develope: 
because depletion the content 
ray parenchyma and the eventua! 
disintegration the parenchyma 
There was apparent strength loss 
the wood result the paren- 
chyma disintegration. 

Investigations the identity 
the causative organisms indicate 
spore-forming, facultative, 
bacteria cause the sap 
wood ray cells. These bacteria 
common inhabitants soil and water. 
Cultures isolated from infected wood 
and water were tested against sound 
sapwood, and determinative tests were 
made. Pure cultures known bacteria 
obtained from other sources were also 
tested against sound sapwood. From 
these tests, the causative organisms 
were tentatively identified 
myxa, although probable that 
variety other related species (such 
cereus) are also involved. 

polymyxa will attack 
lulose and pectin, but not cellulose. 
walled parenchyma, particularly the 
sapwood ray cells, can explained 
the basis the decomposition 
containing compound middle 
the cell walls. The probable 
why heartwood ray cells are not 
tacked are: lack readily 
similated food, such starch, 
ray cells; more impermeable 
ture; and presence 
more air the heartwood. 

clear why attack apparently 
severe logs stored decks 
sprays rapidly flowing water. 
suggested that, under the 
conditions, the most important facto: 
concerned are: the lower 
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Table RETENTION WATER REPELLENT SOLUTION SOUND ponderosa 
SAPWOOD BLOCKS AFTER IMMERSION WATER INOCULATED WITH 
BACTERIAL CULTURES ISOLATED FROM VARIOUS SOURCES 


Culture Retention Culture Retention 
per cent per cent 
15.0 37.1 
20.5 76.9 
15.7 53.8 
85.3 Pseudomonos sp. 23.8 
14.6 Control 18.5 
14.6 Control 13.3 
Control 62.0 


Series Sterile distilled water and non-sterile wood blocks 
Sterile distilled water and surface-sterilized wood blocks 
pond water and sterile wood blocks 


Control Sterile distilled water and non-sterile wood blocks 
Control Sterile distilled water and surface-sterilized wood blocks 
Control Sterile pond water and sterile wood blocks 


Control Non-sterile pond water and non-sterile wood blocks 
Cultures B13, B14, and B56 isolated from freshly cut trees that had not been ponded; 
B100 obtained from infected wood; cereus obtained from the California State Department 
Public Health; macerans and polymyxa and 510 obtained from the University 
Wisconsin. Culture B105 was spore-forming bacterium cultured from pond water previously 
ire 
TENTATIVE IDENTIFICATION BACTERIA ISOLATED FROM 
VARIOUS SOURCES (From microscopic examination, culture characteristics, 
and carbohydrate reactions) 
ere 
Culture Source Species Characteristics 
Freshly felled sound cereus Gram positive rod shaped 
tree not ponded anaerobe with central ellipsoidal spores 
Widely distributed solid, dust, milk, 
and plant surfaces. 
B14 Freshly felled sound megaterium Gram positive rod shaped aerobe which 
tree not ponded does not grow glucose broth under an- 
aerobic conditions. Occurs widely 
cel- soil, water, dust, and decomposing 
B25 Freshly felled sound megaterium See B14 
tree not ponded 
the Freshly felled sound polymyxa variable rod shaped facultatively 
ned tree not ponded anaerobic with ellipsoidal central 
Hemicellulose and pectin attacked. Opti- 
mum temperature for growth between 
tin Widely distributed soil, water, 
milk, feces, and decaying vegetables; 
associated with retting hemp. 
B100 From infected wood polymyxa B56 
B105 From pond megaterium See B14 
water 
tures logs; and low popula- bacteria were present the wood. 
tion bacteria surrounding the logs. Some evidence was obtained that 
Because the bacteria can develop read- were present 
under aerobic conditions, and small numbers apparently sound, 
penetration air oxygen can freshly felled logs before they were 
f. 9° 
unlikely that aeration the sur- after felling cannot 


water would provide control entirely disregarded, the evidence 
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that: pure culture obtained from 
freshly felled tree caused excessive 
porosity apparently sound wood 
laboratory jar tests although precau- 
tions were taken prevent contam- 
ination from the time felling; 
the development porosity steril- 
ized sapwood was always considerably 
slower than that 
wood when exposed infected water; 
and apparently sound, freshly 
felled sapwood eventually developed 
excessive porosity when placed 
sterilized water under laboratory con- 
ditions, whereas sterilized wood 
sterilized water was not affected. 


Treatment pond water with 
chemicals, aeration, and heating 
showed that the development po- 
rosity can prevented for substantial 
periods the addition certain 
chemicals the pond water. Some 
these treatments were impracticable 
because they either involved the use 
chemicals highly toxic humans, 
caused darkening the wood. The 
most satisfactory treatment found 
far, from the aspects cost chem- 
ical and duration effect, was acidi- 
fication 2.5 with sulfuric acid. 
This treatment, however, has 
disadvantages. 


this stage, the ideal water-treat- 
ing chemical remains found. 
Where mills are situated coastal 
sites, storage logs salt water 
should prevent deterioration. 


10. Although some causative bac- 
teria may already present the 
logs before they are ponded, the bulk 
the attack from bacteria con- 
tained the surrounding water, 
shown the progressive development 
porosity from outside inside 
the sapwood. Since chemicals applied 
the pond water can control attack, 
bark-covered logs, the most important 
infestation occurs the log pond. 


11. the present stage, for those 
plants that require additional log stor- 
age facilities, decking logs under 
water sprays appears the most 
practicable method overcoming de- 
velopment excessive porosity 
pine sapwood. For those plants that 
already have large investments 
pond storage facilities, control the 
causative bacteria the millpond 
necessity. More intensive cooperative 
investigations screening tests 
bacteriostats are continuing the 
University Wisconsin Alumni Re- 
search Foundation. The Forest 
gating the problem. addition, the 
Western Pine Association has initiated 
investigations the University 
Wisconsin Department Bacteriol- 
ogy. hoped that more satisfac- 
tory control method may evolved 
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from these studies, without recourse 
pumping conjunction with filtra- 
tion chemical treatment pond 
water, both. 
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AFFECTS THE STRENGTH 
wood one both two ways. 
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between the temperature wood and 
its strength properties; within certain 
ranges the hotter the wood the weaker 
is, and the colder the stronger. Sec- 
ondly, there permanent reduction 
strength produced, presumably, 
chemical degradation the wood. 
Much the information available 
about the effect heat treatment upon 
the strength wood, however, not 
relevant veneers dried high tem- 
peratures and not being reviewed. 

Tiemann (30)* presented data 
show that “when wood 
after being subjected saturated 
appreciable reduction strength 
occurred compression bending 
(except the case red oak); but 
when re-soaked there was very great 
reduction these values compared 
with the soaked 
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Douglas-fir heartwood veneers from 0.025 0.140 
inch thick were dried and over-dried temperatures from 
225° 450° Effects drying temperature, drying time, 
and veneer thickness modulus rupture reported. 
Strength was seriously reduced 450°, but reduction was 
negligible 375°. Although not statistically significant, 


strength veneers decreased over-drying. 


McLean (18), working with 
specimens several spe- 
cies, including Douglas-fir, temper- 
atures 320°F., concluded: 
important effect any the 
strength properties the different 
species occurred when the wood was 
heated the hot press oven for 
hour less, even temperature 
320°F. Even the longer heating 
only the toughness and work-to-maxi- 
mum load showed any marked reduc- 
tion comparison with the control 
specimens. 

heated 
the hot press 255°F. for periods 
hours showed little reduction 
any the strength properties. Even 
after heating for hours, test values 
for work-to-maximum load were over 
percent the control value. The 
other strength properties showed 
some increase after the wood was 
heated. 


The Author: Phillip Northcott holds B.A. 
Sc. and M.A. from the British Colum- 
bia. head the plywood section the 
Vancouver Laboratory. 

Colbeck attended the Provincial 
Agricultural College, Alberta. technical 


the plywood section. 


“Saturated steam affected 
the strength properties the Doug- 
las-fir greater extent than hot 
plates the drying oven the same 
temperatures and applied for the same 
period 

“In this connection, should 
noted that specimens heated steam 
were moisture content high 
higher than the initial value about 
percent throughout the heating pe- 
riod; whereas those heated the oven 
the hot press dried quickly and 
were low moisture content for 
but the first few minutes the 
ing period. 

“Douglas-fir (coast type) specimens 
heated the oven 215°F. for 
riods 42, 100, 188, and 335 
showed marked loss 
properties especially work-to-max 
mum load. the longest heating 
riod (335 days) strength values, 
justed the moisture content 
control specimens, showed the follov 
ing proportional values based 
strength the control specimen 
work-to-maximum load, 
modulus rupture, percent; 
lus elasticity, percent; 
stress proportional limit, 
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“There was reduction most 


Table VARIANCE 
strength properties the three 
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Degrees 
secies boiled water for more than Sums Mean Variance 
freedom squares square Divisor ratio 
hours, but the loss strength was 
ined with the different woods heated 25,828 
ider the same conditions indicates 
the two hardwords, yellow ***Indicates significance the level. 
p = probability. 
and yellow-poplar, while Sitka 
was somewhat less affected than 
Douglas-fir (coast type). The strength 
Douglas-fir was apparently more The method calculating ly- Veneers were sliced from the radial 
the heat treatments than strength values, however, faces. 
the other species. not make allowance for strength stored under water until 
Kitahara and Chugenji tions inherent the method drying inch wide were 
ported that the modulus the veneers, and hence this investiga- with lengths along the grain being 2.9 
(of Kinoki and Buna) was reduced tion the effect dryer tempera- inches for 0.025-inch-thick, 3.8 inches for 
percent heating for hours the static bending strength 5.6 inches for 0.100-inch, and 
veneer. Veneers were suspended from bal- 
negligible for hours ance while drying and weighed regular 
the choice the “just point, the 
That the strength Douglas-fir The strength plywood deter- oven-dry plus minutes specimens were 
veneers reduced drying exces- partly the strength the first, then, order, the O.D. plus 
sively high temperatures. That and partly the strength O.D. plus 20, and finally the just oven- 
strength these veneers reduced specimens. 
the glue bonds. The first step, there Veneers were re-humidified con- 
these high temperatures. veneers static bending with center and percent relative humidity. 
The property reported the loading. Before tested, 
strength wood one inch termine the permanent effect the ing with center loading over the following 
the longitudinal and radial dimensions bending strength ve- spans: for 0.025-inch veneers 1.9-inch span; 
and 0.400 inch tangentially. The neers caused by: for 
ime ial- 0.100-inch veneers 4.6-inch span; and for 
longitudinal plane, With the breakin 
dried within the 225°F 10. Loads and deflections were measured 
oad specimens dried 225°F. 450°F until the elastic limit was exceeded after 
hot taken 100 percent, the following which the maximum load was recorded. 
ercentage reductions strength were The length time during which 
recorded: 
pe- 375 11.4 factorial design was used that 
min. 21.2 corporated the following factors: Factor “A” (Temperature): Fig. 
and Factor and Table indicate that the strength 
225°, 300°, 375°, and 450°F. (modulus rupture) Douglas-fir 
Evidence that the strength wood Factor Four times the veneers was reduced drying tem- 
can seriously impaired drying oven-dry, oven-dry plus min- excess 300°F.; the 
excessively high temperatures suggests oven-dry plus minutes, and the temperature the greater the 
that plywood under certain conditions plus minutes. loss strength. All 
may have less than the anticipated Factor Four thicknesses veneer: rather uniformly drying tempera- 
strength. Common practice estimat- 0.050, 0.100, and 0.140 inch. ture, seen Fig. 
ing the load-carrying capacity ply- The loss strength was 
wood structure calculate the alike: minor importance, the modulus 
strength plywood the basis Specimens treated alike: Three spec- rupture being reduced from 14,200 
clear wood determined estab- cent. the strength was re- 
lished and accepted procedures. The duced 11,200 psi, reduction 
wood from which these strength prop- percent, which could quite 
are obtained air-dried under The procedure was follows: serious. 
ength due seasoning water bath. cessive provided the veneers are not 


- 


over-dried. Because veneers vary 
widely the time required dry 
them uniform moisture content, 
most veneers are over-dried 
tice. would not, therefore, safe 
assume that veneers dried 450°F. 
gible loss strength. 


Factor (Time the dryer): 
Figs. and indicate that the time 
the veneers are the dryer fac- 
tor that influences their strength; the 
greater the time the less the strength. 
should noted however, that the 
observed differences were not statisti- 
cally significant. 

Fig. indicates that the reduction 
strength due over-drying not 
great 375°F., but that can 
serious 450°F. 


Factor (Veneer thickness): 
This factor was included obtain 
estimate the reduction strength 
the veneer surface. was antici- 
pated that the modulus rupture 
would increase with increase ve- 
neer thickness such 
tween 0.025- 0.050- 0.100-inch 
thicknesses. Extrapolating the curve 
through these zero thickness 
gave figure 9,200 psi for the mod- 
ulus rupture the wood the 
surface the veneers. This amounts 
seems sufficient substantiate the 
theory that the strength wood 


the surface veneer degraded much 
more than that the interior. 


Fig. indicates that the greatest re- 
duction strength occurred the 
highest temperature. The rather large 
reductions also indicated lower 
temperatures suggest that there may 
contributing skin effects other than 
temperature, however, and lathe checks 
are suspected. 


Factor (Individual trees): 
Differences between trees are shown 
Figs. and 10. Veneer from 
different trees varied widely 
strength—from less than 10,000 psi 
more than 21,000 psi for modulus 
rupture. Fig. demonstrates that 
the strength the wood from all 
trees was severely degraded tem- 
perature 450°F., while none was 
severely degraded 375°F. Fig. 
seen that veneer from all trees 
tended lose strength the drying 
period was lengthened. 


Lathe Checks 


For the most part, these data con- 
formed anticipated The 
variable relationship individual 
trees was unex- 
pected, however. Only trees and 
followed the anticipated pattern. Trees 
and yielded most unexpected pat- 
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MODULUS OF RUPTURE (P.S.1.) 


DRYING TEMPERATURE (°F.) 


Fig. 1.—Effect drying temperature (Factor 


terns, while most the remainder 
were irregular. 

attempt discover the cause 
this variability, the data included 
Fig. which averaged all tempera- 
tures and times, were broken down 
into temperature classes (see Fig. 10). 
general the rather startling tree 
differences noted Fig. are re- 
peated for each the four tempera- 
tures. For instance, tree showed the 
expected pattern lowest modulus 
rupture for the thinnest veneer and 
highest modulus rupture for the 
thickest veneer, but tree had its own 
peculiar pattern all temperatures. 
Since these tree patterns seem have 
been rather independent tempera- 
tures, search was made for possible 
sources discrepancies. The 0.100- 
and 0.140-inch veneers trees 
and were inspected for lathe checks 
and other defects that did not result 
from the drying treatments. Tree 
was chosen because its peculiarly 
low strength the 0.140-inch veneers, 
tree because followed the antici- 
pated pattern through all thicknesses, 
and tree because its special pe- 
culiarities (though did follow the 
anticipated pattern the 0.100- and 
0.140-inch thicknesses). 

Table summarizes the information 
regarding the lathe checks the speci- 
mens from these trees, and estimates 
the percentage which the 
strength the veneers are reduced 
them are provided. Tree which 
followed the expected pattern, had 
relatively few shallow checks with 
negligible weakening effect. Tree 
which the two thicknesses examined 


MODULUS OF RUPTURE (P.S.I.) 


ODe20 
‘TIME (MINUTES) IN EXCESS OF OVEN-DRY 


Fig. 2.—Effect time the dryer (Factor 
modulus rupture. 


followed the anticipated pattern, wa: 
rather severely checked, 
thicknesses were reduced 
Tree however, had unusually 
strength the 0.140-inch veneers, 
the analysis indicated the 
weakened the lathe checks than th: 
0.100-inch veneers. The figures 
and percent reduction respec 
tively for the 0.140- and 0.100-inch 
veneers. 


was thought that tree might 
eliminated from these analyses 
its abnormality—and possibly 
F—but inasmuch these idiosyncra 
cies did not seriously affect the 
perature and time relationships, 
was decided include them. 
hoped that their inclusion will 
emphasize the great 
lathe checks that may expected 
veneers different thicknesses cut 
from the same tree, between veneers 
cut from different trees one time, 
and between veneers cut the 
machine different times. 

Tiemann’s findings (30) that 
strength was not greatly reduced 
drying, but that subsequent soaking 
did seriously reduce the strength, are 
interpreted warning that the 
ous than indicated Figs. 10. 
would advisable repeat portion 
this work, and test specimens 
after successive cycles soaking 
drying, for the purpose 
the reduction strength when 
are exposed the weather. 


Table 2.—LATHE CHECKS AND THEIR EFFECT THE STRENGTH VENEERS 


Tree 


No. checks per inch 
Angle of checks to surface (degrees) ____ 
Percent depth 


Estimated percentage reduction in 
strength of veneer. 


-109 0.14 


5.6 


| | ; 
& 
ra 
300 375 450 
® a 
7 
7 
q 
7 
q 
0.140 0.100 0.140 
14.5 17.8 7.6 8.0 10.5 
39.6 41.9 30.9 22.1 41.9 
34.4 41.5 13.2 12.3 41.4 32.9 
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0.100 0.150 
THICKNESS OF VENEER (INCHES) 


3.—Effect veneer thickness (Factor 
modulus rupture. 


@e20 
TIME Di THE OVEN (MINUTES FROM OD) 


Fig. 7.—Effect drying time and veneer 
thickness (Interaction BxC) modulus 
rupture. 


MODULUS OF RUPTURE (P.S.I.) 


225 300 375 450 
DRYING TEMPERATURE (°F.) 


Fig. 4.—Effect temperature and time 
(Interation AxB) modulus rupture 


Conclusions 


The strength Douglas-fir veneers, 
measured the modulus rup- 
ture, reduced drying exces- 
sively high temperatures. The effect 
negligible 375°F. but can serious 
450°F. 

The strength reduced over- 
drying veneers excessively high tem- 
peratures, this effect often being seri- 
ous 450°F. but negligible 375°F. 

The strength the cells the sur- 
face veneer are degraded much 
more than those the center the 
veneer. Reduction percent 
the strength surface fibers was 
indicated. 


MODULUS OF RUPTURE (F.5-4-) 


° 0.050 0.100 0,150 
THICKNESS OF VENEER (INCHES) 


Fig. 5.—Effect temperature and veneer 
thickness (Interaction AxC) modulus 
rupture. 


When study such this one in- 
cludes veneers that must 
thicknesses different times, the fac- 
tors being studied can easily con- 
founded the variability the lathe 
checks from veneer veneer through 
their effect upon the strength the 
veneers. such cases would pru- 
dent eliminate specimens with ab- 
normal lathe checks correct for 
them the analysis. 
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EFFECTS TEMPERATURE, VENEER THICKNESS, AND 
TREE (INTERACTION xD") MODULUS RUPTURE 


ORIED at 225°F ORIED at 450 °F 


Tree Cc 
Tree A 


MODULUS OF RUPTURE (P.S.1.) 
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Fig. 10.—Effect temperature, veneer thickness, and individual tree (Interaction AxCxD) modulus rupture. 
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Discussion 


Tom McKenna (Monsanto Chemi- 
Co.): Was all the veneer 
heartwood 


Mr. Fensom: Yes. (The paper was 
presented Mr. Fensom, Superin- 
tendent the Vancouver Lab.). 


Youngs (U.S. Forest Products 
Lab.): Were any data obtained 
the change oven-dry weight with 
oven drying time? 


Mr. Fensom: This information 
available but was not analyzed. Data 
were analyzed demonstrate differ- 
ence drying time due drying 
temperature and differences between 
trees and within trees. should say 
that, theory, specimens were dried 
uniform moisture content, but 
actually the controlling factor was con- 
stant weight rather than uniform mois- 
ture content. 


Mr. Youngs: How did final condi- 
tioned equilibrium moisture content 
vary with the time drying? 


Mr. Fensom: Specimens that were 
dried high temperatures and for 
longer times had somewhat lower 
moisture content, 


Marra (Simpson Timber 
Co.): The data presented are ex- 
tremely interesting, particularly the 
extrapolations indicating the magni- 
tude the temperature effects the 
extreme surface. 


Mr. Fensom: extrapolations 
were significant but not absolute. 


Dr. Marra: means verify- 
ing the trends observed with respect 
sible remove surface fibers after 
heat treatment suitably controlled 
experiment? This should produce 
horizontal line with thickness 
other factors are interacting. inter- 
actions exist, their magnitude might 
thus accounted give more ab- 
solute value for surface damage. 


Mr. Fensom: might useful 
for the future develop 
that would enable this kind 

testing done. would appear 
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that some type non-destructive test 
would required. 


Brown (Dow Chemical Co.) 
What were the stress and strain rates 
the tests? Were they controlled? 


Mr. Fensom: The stress and strain 
rates were those specified ASTM 
unit rate fiber strain equal 
0.0015 inch (0.04 mm) per inch 
outer fiber length per minute with 
permissible variation +25 percent.” 


Harold Worth (Bureau 
Ships): Did the curves show opti- 
mum strength for the veneer each 
temperature—was trend noted? 


Mr. Fensom: effect 
was not indicated analysis 
variance. There was considerable vari- 
ation between the test from 
different trees. 


Dr. James Bethel (N. State Col- 
lege): the authors intend in- 
corporate regression analysis re- 
evaluate the data the experiment 
and gain more information 


Mr. Fensom: This would useful 
data, but such analysis planned 
the present time. 

Batey, Jr. (Douglas Fir Ply- 
wood Assoc.): What was the veneer 
specimen orientation testing with 
respect lathe checks? Were the 
checks consistently the compres- 
sion face the tension face the 
specimen, was control this fac- 
tor not included 


Mr. Fensom: The lathe checks were 
the tension face the specimens. 
this connection should stated 
that only the horizontal checks were 
appraised this study, since the verti- 
cal checks were not considered have 
much stress effect. Apropos this dis- 
cussion the drying veneer 
would iike suggest that the over- 
drying veneer might reduced 
sorting high and low floating logs, 
then sorting sapwood, heartwood, and 
mixed sapwood-heartwood veneer 
both these categories prior dry- 
ing. Since each these six categories 
would presumably have different 
average moisture content 
gravity, more uniform moisture con- 
tents throughout any given production 
veneer might obtained this 
additional sorting. 

Dr. George Kitazawa: Conclusion 
number three seems open question. 
The conclusion that the strength 
cells the surface veneer are 
degraded more than core does not ap- 
pear substantiated the experi- 
mental results, especially there 
modulus rupture versus veneer 
for tempera- 
tures below 225°F. would suspect 
that one would obtain curve similar 


such curve were found the lower 
temperatures, conclusion No. would 
error, because this would also 
mean that the curve extrapolated 
“zero thickness” would give skin 
strength below the core strength 
terms MOR, which would then 
eliminate temperature factor 
the strength veneer near the 
surface. believe the difficulty in- 
terpreting such data arises from the 
nature the MOR 
which not satisfactory index 
mechanical properties because the area 
lying between the proportional limit 
and ultimate breaking load 
variable. 


The authors have stated that the 
reduction percent the strength 
surface fibers was indicated and 
that this reduction came about 
marily from the elevated temperature. 
They have, however, qualified this 
the text that there may other 
contributing skin effects 
lathe checks, but still offer the tem- 
perature quite pos- 
sible that absolute de- 
termining strength could employed 
for the surface and for the cores, 
there may exist significant differences. 
Unfortunately, the MOR computation 
not reliable tool for arriving 
the differences since shear module, 
shifting the neutral 
thickness, and forth, may factors 
responsible for the shape the curves. 
Since not easy estimate these 
differences, the empirical approach 
the obvious one. 


offer better substantiation 
the conclusion that temperature de- 
grades the surface fibers (at the micro- 
scopic level and not the macroscopic 
level, such lathe checks, etc.), data 
controls would useful. For ex- 
ample, what would the nature 
the curves Fig. for 75°F. and 
150°F.? they are flat, then the 
author’s conclusion sound. the 
curves are similar the others, 
that they drop off for decreasing thick- 
ness, then conclusion No. cer- 
tainly not acceptable. believe the 
only conclusion that one could draw 
from the latter possibility that the 
MOR reduced generally both 
surface and the core with tempera- 
ture increase, but not necessarily 
quicker rate for the surface -fibers. 
Further, the time veneer drying 
would allow rapid equilibration the 
temperature the surface and the 
center the 


brief, the theory that fibers 
veneer can degrade preferentiaily 
not supported the experimental 
data stands. give further proof 
conclusion No. control curves 
would essential. 
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Various wood species 
were exposed outdoors to: 
(1) determine and 
compare weight losses; 
and (2) demonstrate 
the test method. 


REPORTS 
able the literature concerning 
the relative resistance decay dif- 
ferent wood species, measured 
various criteria. Lignum vitae, green- 
heart and have com- 
monly been found most resistant. 
The relative resistance numerous 
other species has not been consistent. 
This may due partially the lack 
close comparisons species for 
single fungus infection. Tests compar- 
ing the relative weight loss caused 
various wood-destroying fungus spe- 
cies the field are also limited. 


The objectives this study were 
(a) demonstrate method grow- 
ing Poria incrassata 
Burt., and Merulius lacrymans Fr. 
under outdoor conditions, (b) com- 
pare the relative weight losses the 
native-grown woods exposed 
these two fungi, and (c) determine 
the relative weight losses wood 
species exposed these fungi under 
outdoor conditions. 


Test Fungi 


spectacular destroyer timbers 
buildings, particularly Southern and 
Pacific Coast States where mild, humid 
climates prevail. Despite wide distribu- 
tion over the entire country, the occur- 
rence incrassata relatively in- 
frequent. During period approxi- 
mately years, forest pathologists 
the South have reported only some 
cases (9)*. The damage caused 
contributed paper, received September, 


Numbers parentheses refer the Litera- 
ture Cited the end this paper. 


The Author: Plant Pathologist, 
Northeastern Forest Experiment Station, U.S. 
Dept. Ag., Laurel, Maryland. James 
Koch Statistician, Biometrical Services, Agri- 
cultural Research Service, U.S. Dept. of Agri- 
culture, Beltsville, Maryland. 
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Weight Losses Wood Species 


EXPOSED PORIA INCRASSATA AND MERULIUS 


Fig. 1.—The authors view uncovered test plot with blocks place. This site 
the 200 plots used determine weight losses woods exposed the two destructive 
decay fungi. 


buildings, however, sometimes ex- 
tensive and costly. 

Merulius lacrymans considered 
European pathologists the most 
destructive wood-decay fungus 
buildings. The fungus always in- 
cluded one the test fungi their 
laboratory studies (1). Although not 
indigenous, this fungus 
known cause extensive damage 
the United States. 


Establishment Test Plots 


the spring 1951, the senior 
author observed the effect ground 
covers Poria incrassata the crawl 
space two basementless houses 
Washington, D.C. Prior the installa- 
tion the ground cover, the fungus 
had caused considerable damage the 
subfloor timbers the houses, both 
which were less than years old. 
Within few weeks, the characteristic 
dull-white, coarse mycelial threads 
the fungus had spread over most the 
soil beneath the covers. This condition 
suggested possible way test-grow- 
ing the fungi under outdoor condi- 
tions. 

Each test plot was established 
digging shallow hole the ground 
and placing infected wood scraps. 
The source fungus inoculums was 
infected wood from buildings, since 


infections buildings and 


lumber yards are assumed 
from infected lumber. 

porous clay pot was inverted 
over the hole simulate crawl-space 
conditions. first single thickness 
15-pound asphalt-saturated felt, 
feet square, was placed over the 
inverted clay. Because the 
showed signs deterioration after sev- 
eral months, sheet 4-mil poly- 
ethylene was placed under the felt. The 
polyethelene served effective mois- 
ture barrier during the remainder the 
2-year test period. Forest leaves were 
raked over the top additional in- 
sulation and moisture barrier against 
extremes temperature and humidity. 
old auto tire was put top 
hold the assembly place. 
leaves were added needed. 
sionally during hot, dry summer 
periods, gallon water was 
about the clay pot. 

Mean soil temperatures observed 
the plots monthly intervals 
the first year closely 
mean soil temperatures taken over 
years the crawl spaces 

asementless houses the Washing 
ton—Baltimore area. 

protection against possible 
tack termites and other 
insects, the soil surface each 
was given single application 
table percent DDT spray 
pounds pressure about months afte: 
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the plots were established. Previous ex- 
perience with DDT this form 
showed apparent harmful effect 
the 

Possible contamination from other 
fungi the unsterilized 
wood-inoculum present the forest 
was recognized. Attempts es- 
inoculants other well-known 
species wood-decay fungi under 
similar conditions led poor growth 
failure the fungi become es- 
This fact, plus the generally 
iniform appearance the mycelial 
mats that developed the test wedges, 
the characteristic diagnostic feature 
cleavage-across-the-grain infected 
wood, and the frequent identification 
the test fungi from re-isolations, led 
the authors conclude that the fungi 
grown were the ones specified. 

One hundred test plots each fun- 
gus were established during the winter 
1952-53 forested area near 
Beltsville, Maryland. Each plot was ap- 
proximately feet square. Plots each 
fungus were arranged four 25-plot 
blocks; the plots were feet apart 
each direction. The experiment was 
conducted during the 2-year period 
from August 1953, August 


Test Woods 


Wood specimens were cut into uni- 
form wedges, about inches long and 
inches square the top. After 
the wedges were air dried uni- 
form wood moisture per- 
cent, they were weighed triple- 
beam scale the nearest 0.01 gram. 
Whenever possible, wedges heart- 
wood, sapwood, and mixed heartwood 
and sapwood (heart-sapwood) were 
obtained for each species. Each wedge, 
given identification number, was 
tion. Classification indicated whether 
the wedge was heartwood, sapwood, 
heart-sapwood. 

The common and scientific names 
(6), source, specific gravity, number 
wedges, and indication clas- 
sification for the wood species rep- 
resented this test are presented 
table Stearns, wood anatomist, 
Jenkintown, Pa., examined and veri- 
fied the identity and representativeness 
all wood species included this 
study. 

For the first seven species there was 
full complement 200 wedges 
heartwood, sapwood, 
wood. single wedge each classi- 
fication was assigned each the 
test plots. For species 23, the 
number wedges ranged from 
and they were not always clas- 
The wedges were distributed 
over the 200 plots that 
equal number would exposed 
and Merulius. The limited 
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number wedges the tropical spe- 
cies were distributed random. 

After randomization, the wedges 
that were placed any one 
plot were strung circle wire 
definite recorded order (see Fig. 
1). Wedges were placed the plots 
August 1953. 

fourth the wedges were re- 
moved 6-month intervals. Twenty- 
five plots and plots 
Poria were each inter- 
val. They were randomly selected 
that six seven plots each block 
were included each harvest. Im- 
mediately after removal from the plots, 
the wedges were air-dried a-mois- 
termined resistance-type moisture 
meter. They were then weighed and 
the weight-less percentage was calcu- 
lated for each wedge. 


Weight Loss Related Exposure 
Time 


The experiment demonstrated that 
the method growing these test fungi 
under outdoor conditions used was 
both satisfactory and inexpensive. 
vigorous fungus condition was main- 
tained throughout the 2-year period, 
evidenced continuing deterioration 
the test woods. Weight losses for 
the seven species grown the United 
States exposed all 200 plots are 
shown Fig. The average weight 
losses for these species for the four 
month exposure intervals were 8.5, 
13.3, 22.8, and 28.6 percent, respec- 
ticely. 


Comparison Weight Losses for 
Test Fungi 


every comparison between Poria 
and Marulius shown graphically Fig. 
the percentage weight loss was 
greatest for the wedges exposed 
Merulius. The average differences be- 
tween the fungi for all classes wood 
were 1.1, 1.4, 4.1, and 4.6 percent, re- 
spectively, for the four exposure pe- 
riods. The figure shows increase 
weight loss for each successive ex- 
posure period for each class wood 
and fungus. The constancy this in- 
crease precludes any 
tween exposure period and fungus 
species and between exposure period 
and class wood. 


United States Species: Fig. pre- 
sents the average weight loss the first 
seven species listed Table The 
over-all weight loss for heartwood, 
heart-sapwood, and sapwood was 13.3, 
18.3 and 24.4 percent, respectively. 
The species are arranged the order 
increasing weight loss from left 
right. fairly continuous increase over 
that the previous period will 
noted. 


PERCENT OF WEIGHT LOSS 


30 SAPWOOD 


aa 
6 12 18 24 


MONTHS OF EXPOSURE 


Fig. 2.—Comparison weight-loss data 
for Poria incrassata (P) and Merulius lacry- 
mans (M). Each bar represents average 
175 wedges, each the first seven wood 
species listed Table 


Fig. presents the results obtained 
the number wedges included per 
fungus per species lacked orthogonal- 
ity, and because the relatively small 
numbers some populations, these re- 
sults are not considered reli- 
able those for the first seven species. 
The species again are arranged 
order increasing weight loss; they 
show comparison the over-all dif- 
ference between the two fungi. 

The most striking features the 
data for each the species grown 
the United States are listed below. 


over-all 
weight loss for this species was 10.3 
percent, which was smaller than for 
any other U.S. species shown Fig. 
Sapwood showed 5.0 times and heart- 
sapwood showed 2.7 times much 
weight loss did heartwood. There 
was difference between the weight 
losses due Poria and Merulius. 


Atlantic white-cedar—Over-all 
weight loss was 12.2 percent. Weight 
loss was considerably less during the 
first year exposure than during the 
second. 


Redwood.—Over-all weight loss 
was 15.7 percent. Heartwood showed 
less weight loss than sapwood, and was 
nearly comparable hearwood east- 
ern redcedar. There was little differ- 
ence between the averages for the two 
fungi percent weight loss. 


Northern weight 
loss was 16.5 percent. Weight losses 
were nearly identical for the two fungi. 
During the first months, catalpa lost 
13.6 percent its weight, nearly three 
times much any the three 
species discussed above. 
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Western weight 
loss was 16.7 percent. Largest increase 
average weight loss occurred be- 
tween the 12-month exposure (8.9 
percent) and the 18-month exposure 
(24.0 percent). caused aver- 
age percent more weight loss than 
Merulius. 


weight loss 
was 19.1 percent. Average weight 
losses were 12.5 percent 
wood, 17.0 for heart-sapwood, and 
27.7 for sapwood. There was 4.4 per- 
cent more weight loss due Merulius 
than Largest increase 
weight loss was from 12.2 percent for 
months 26.6 for months. 


Eastern hemlock.—With 37.9 per- 
cent over-all weight loss, this species 
had far the highest weight loss 
any the first seven species Table 
There was little difference among 
classes wood. Poria averaged 33.3 
percent, Merulius, 42.5 percent. Over- 
all weight loss months was 52.8 
percent; the was approxi- 
mately percent every months. 


average 
weight loss 2.2 percent for 125 
wedges, Osage-orange showed the least 
weight loss the woods included 
Fig. compares favorably with 
heartwood eastern redcedar and red- 
wood (Fig. 3). The difference 
weight losses fungi was not appre- 
ciable, and there was apparent in- 
crease loss with increasing exposure 
time. 


Japanese weight 
loss was 2.8 percent. 
showed the least weight loss the 
three chestnuts tested. The weight loss 
was three times great for Merulius 
for Poria. Many wedges actually 
gained slight amount weight 
the first two sampling periods, and are 
included negative values 
averages. 


weight loss for the wedges was 7.5 
percent. The difference weight loss 
caused the two fungi was not ap- 
preciable, and there was consistent 
increase weight loss with increase 
exposure time. 


White oak.—Over-all weight loss 
was 8.6 percent; 4.4 percent for Poria, 
and 12.8 for Merulius. Loss weight 
for sapwood was nearly twice that for 
heartwood heart-sapwood. 


walnut.—Over-all weight loss 
was 9.6 percent. Poria resulted 5.8 
percent and percent 
weight loss. There was little difference 
among wood. There was 


increase weight loss each 


pling period, with doubling 
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Fig. 3.—Percentage weight losses wood species exposed for various periods 
the fungi. Each bar represents average samples. The broken horizental lines indi- 


cate over-all averages for the three classes wood. 


white-cedar; redwood; northern catalpa; western redcedar; baldcypress; 


eastern hemlock. 


weight loss between the 18- and 24- 
month samplings. 


Black weight loss 
was 11.9 percent, with decided dif- 
ference among classes wood. Weight 
loss was less than 10.1 percent during 
the first months, but months 
percent weight loss 17.7 for 
Poria and 27.5 for Although 
the over-all weight loss for black locust 
was greater for Poria (Fig. 4), this 
relationship true only during the 
first three sampling periods and may 
due the degree infection 
the particular plots sampled during 
the first three periods. 


American chestnut —Over-all weight 
loss was 13.8 percent. Weight loss in- 
creased average 24.5 percent 
the last sampling period. 


Chinese weight 
loss 14.9 percent was similar 
that for American chestnut. Poria av- 
eraged 14.6 percent and 15.2 
percent weight loss. Sapwood averaged 
16.9 percent, compared with 13.0 per- 
cent for heartwood. There was only 


° 


AVERAGE PERCENT OF WEIGHT LOSS 
n 


JAP as Bw 


3.6 percent more weight loss after 
months than months. 


the wedges was 
Merulius resulted percent greater 
weight loss than did Poria. 


White weight 
loss was 16.0 percent. 
sulted percent more weight loss 
than did Poria. The 6-month average 
9.3 increased 25.3 percent the 
end the 24-month exposure. 


species, with 
over-all average weight loss 16.1 
percent, was similar white mulberry. 
Merulius caused nearly percent more 
weight loss than did Heartwood 
(1.07 specific gravity), the heaviest 
the grown species, had over- 
all weight loss 3.4 percent com- 
pared 20.0 for heart-sapwood and 
23.9 for sapwood. 


Northern white-cedar.—Over-all 
weight loss was 17.4 percent. Poria 
averaged 16.2 and Merulius 18.7 per- 
cent weight loss. Heartwood showed 


Fig. 4.—Over-all weight losses U.S.-grown woods exposed Poria incrassata (P) and 
Merulius lacrymans (M). The number wedges (per species) ranged from 275 per bar. 


Osage-orange; JAP Japanese chestnut; American smoketree; white oak; 
black walnut; black locust; American chestnut; Chinese chestnut; 


northern red oak; eastern white pine; Douglas-fir; western hemlock. 
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only 8.3 percent weight loss, con- 
trast 16.4 for heart-sapwood and 
27.5 for sapwood. 


Northern red weight 
loss was 20.6 percent, with Poria re- 
sulting 5.0 percent less weight loss 
than 


Eastern white weight 
loss was: 20.8 percent. Merulius caused 
percent more loss than 
did Poria. For months there was 
only 3.4 percent weight loss, but 
months this loss had increased 
37.6 percent. Sapwood wedges ex- 
posed for months av- 
eraged 55.0 percent weight loss. 
wood lost only half much weight 
did sapwood. 


Douglas-fir—Over-all weight loss 
was 26.7 percent, 22.3 for Poria and 
31.5 for There was in- 
crease weight loss steps from 9.0 
44.9 percent with lengthening 
exposure time. 


with average over-all weight loss 
31.7 percent, was exceeded only 
eastern hemlock. Merulius caused 37.2 
percent weight loss, percent greater 
than Poria. Class wood did not in- 
fluence amount loss for either fun- 
gus, and there was step-wise increase 
with increasing exposure time. The 
average for all wedges exposed for 
months was 42.9 percent, but was 58.2 
percent for those exposed Merulius. 


Tropical species: Average weight 
loss for the four wedges the 
tropical hardwoods species 
sented the last column Table 
The small number wedges used for 
each species and the lack orthogo- 
nality regard fungus species and 
sampling periods make these means 
much less reliable than the means for 
the species grown this country. Av- 
erages for the species ranged from 
24.6 percent weight loss. 
None the Brazilian rosewood 
wedges actually lost weight, and three 
wedges exposed actually 
gained this study, African 
mahogany and Ohia were the least dur- 
able species. Eight the tropical 
species had less weight loss than any 
the specific gravities given Table 
shows that the tropical species were 
generally heavier than those grown 
the United States. 


Discussion Results 


The over-all data show that Merulius 
decidedly more weight loss 
than did Poria. the authors’ 
edge this had never been reported be- 
fore. Other researchers have demon- 
strated that Poria can seriously attack 
woods usually considered have high 
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decay resistance. These data show that 
Merulius also has this ability. There 
appears some interaction between 
wood and fungus species, however, 
since the grown this 
country, seven show difference be- 
tween the fungus species less than 
percent, six show difference 
more than percent, and western hem- 
lock showed percent more weight 
loss when exposed 

Heretofore, the European 
lacrymans was thought have limited 
distribution America because its op- 
timum temperature range, under 
oratory conditions, 18° 20° 
contrast 24° 30° for.Poria 
incrassata (3). The establishment 
these plots, addition 120 similar 
plots Southern and Midwestern 
States, demonstrates that temperature 
not limiting factor. 

Although Stearns examined 
the samples wood used the test 
for their representativeness 
fied that they were the species claimed, 
the authors realize that the one two 
samples wood selected not repre- 
sent all variations that may occur 
species. Therefore the data are given 
Table help characterize the 
samples the best the authors’ 
knowledge. Although weight loss 
commonly used measure decay 
resistance, the authors feel that weight 
loss caused the two fungi, both 
which are the brown-rot type, may 
not adequate setting decay- 
resistance ratings. 

the S.-grown species exposed 
200 plots, none was found 
completely free from weight loss. 
all but eastern hemlock, considerably 
less weight loss was shown the 
For eastern hemlock the 
weight loss for heartwood months 
was greater than the weight loss for 
the heartwood any other species 
after much months ex- 
cedar and redwood showed less than 
than percent weight loss all ex- 
posure periods. Atlantic white-cedar, 
heartwood showed less than percent 
weight loss the first year, but showed 
more weight loss the second year. 
expected, the weight loss for the 
heart-sapwood was intermediate 
tween those for heartwood and for 
sapwood (Fig. 3). Catalpa showed 
less weight loss variation with length 
exposure than any other species. 

Baldcrypress, which reputed 
quite durable, made rather poor 
showing this test. The weight loss, 
although not excessive for the first 
months, increased step-wise with each 
exposure period. The cypress used 
this test was from Texas. Mattoon (7) 
reported large tree-to-tree variation 
natural durability for baldcrypress. 


pointed out that fence lines some 
posts must replaced sooner 
than others, that boats some planks 
decay while others last for extended 
periods, and that old cuttings the 
flat tops large stumps vary sound- 
ness although the trees were the same 
age. Verrall (9) states that Poria in- 
crassata sometimes enters buildings 
through wooden piers baldcrypress 
heartwood. 


the S.-grown species exposed 
less than 200 plots, Osage-orange, 
Japanese chestnut and American 
smoketree were found 
weight than the other species. Verrall 
(9) cites case Texas where 
Osage-orange piers remained 
fected house attacked Poria in- 
One the earliest and most 
extensive outdoor relative durability 
ratings untreated posts service 
was made Crumley (2). Over 
period years took notes 
30,160 posts 292 fences located 
Ohio, Indiana, Kansas, and 
Texas. found Osage-orange 
the most durable, with close com- 
petitors. 


Although white oak and black wal- 
nut showed little weight loss when 
exposed Poria, they both showed 
considerably weight loss when exposed 
Mesquite, white mulberry, 
and longleaf pine all showed moderate 
weight loss. Douglas-fir and western 
hemlock showed the largest weight 
losses the species Fig. 


With several exceptions, the weight- 
loss ratings S.-grown woods 
the present study agree favorably 
with those previous published dur- 
ability ratings (8, 10) 
marily field service records. 

Although redwood rated the 
third most durable species, forest 
ported two types decay-producing 
fungi that result extensive cull 
heartwood living redwoods 
California. 


close inspection Table will 
reveal that there very little relation- 
specific gravity and 
weight loss for heartwood 
various species. Among the S.- 
grown species exposed 200 plots, 
the greatest and least weight losses 
observed for the two species with 
the highest average specific gravities 
for heartwood. The average correlation 
between specific gravity and weight 
loss within test fungi and exposure 
period for heartwood longleaf pine 
was calculated 0.08, which not 
significant with degrees freedom. 
concluded, therefore, that varia- 
tion specific gravity 
species not factor percent weight 
loss. Also, there seems rela- 
tionship between classification into 
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Table THE WOOD SPECIES INCLUDED STUDY 


Scientific name! 


Catalpa speciosa 

Chamaecyparis thyoides (L.) B.S. P.- 
Juniperus virginiana 

. Sequoia sempervirens (D. Don) Endl.- 

. Taxodium distichum (L.) Rich. 

. Thuja plicata 
« Tsuga canadensis (L. ) ee 


SIDS 


9. Castanea dentata (Marsh.) Borkh. _- 
10. Castanea mollissima Blume___-_ 
11. Cotinus obovatus Raf 
2. Juglans nigra L.____ 
13. Maclura pomifera (Raf. Ey 
15. Pinus palustris Mill 
17. Prosopis juliflora (Sw.) DC______ 
18. Pseudotsuga menziesii (Mirb.) 
19. Quercus alba L 2 
20. Quercus rubra 
21. Robinia pseudoacacia I 
22. Thuja occidentalis L._____ 
23. Tsuga heterophylla (Raf.) Sarg._ 


24. Bombacopsis quinatum (Jaeq.) Dugand 
25. Cedrela mexicana Roem._ 

26. Chlorophora excelsa nth. Hook. 
27. Copaifera demeusei Harms 

28. Dalbergia latifolia Roxb. 

29. Dalbergia nigra Fr. Allem.__- 

30. Guaiacum sanctum 

31. Khaya ivorensis A. Chev. 

32. Meterosideros polymorpha Gaud. 

33. Mimusops salzmanii A. DC. 

34. Ocotea rodiaei (R. Schomb.) Mez 

35. Piratinera guianensis Aubl.- 

36. Pterocarpus soyauxii Taub. 

37. Schinopsis balansae 

38. Shorea negrosensis Foxw. : 
39. Swietenia macrophylla King_- 
40. Tectona grandis L., f.__- 


indicates classification wedges into heartwood, heart-sapwood sapwood; 
4Values given are averages for heartwood only the 24-month period for species that were classified. 
For tropical species the values are the averages for all four wedges. 


for the 24-month period. 


Common name 


Source 


S.-Grown Species Exposed 200 Plots 


Northern catalpa 
Atlantic white-cedar 


Eastern redcedar 


Northern red oak 
Black locust 
Northern white-cedar 


Western hemlock 


Tropical 


Snakewood 


hio 
Carolina 


Ala. Mo. Tenn. 


Redwood Open 
Baldeypress Texas 

Western redcedar Idaho 

Eastern hemlock Pennsylvania 


Species Less Than 200 Plots 
Japanese chestnut Pa., Va. 
American chestnut Virginia 

Chinese chestnut Maryland 
American smoketree Alabama 
Black walnut Stearns® 
_.. Osage-orange Mo., Texas 
White mulberry Virginia 

_ Longleaf pine Texas 

Eastern white pine Maine 

Mesquite Texas 
Douglas-fir Open market 

White oak 


Ww. Virginia 
Md., 
Open market 
Oregon 


Pochote Costa Rica 
Spanish cedar Mexico 
Iroka Africa 
Bubinga W. Africa 
E. Indian Rosewood E. Indies 
Brazilian Rosewood Brazil 
Lignumvitae Florida 
African mahogany Africa 
Ohia (Ohia Lahu) Hawaii 
Massaranduba Brazil 
Greenheart Brit. Guiana 


Brit. Guiana 


Paduak, African Africa 

Quebracho Argentina 

Lauan, Red Philippines 
Mahogany Honduras 

Teak Burma 


5Samples provided Stearns, 1112 Beverly Road, Jenkintown, Pa. 


coniferous and broadleaved species and 
weight-loss ratings. 

Worthwhile problems for further 
work are: the reason for 
the apparent resistance certain wood 
species these fungi, and reasons 
why certain wood species are attacked 
one the two fungi more than the 
other. 

This study suggests that some trop- 
ical species are resistant the attack 
Poria and Merulius, but further 
testing would needed confirm 
this. 

Summary 


The fungi Poria incrassata (Berk. 
Curt.) Burt. and Merulius lacrymans 
Fr. were grown successfully for 
year period under mounds forest 
leaves wooded area Beltsville, 
Md. The only maintenance required 
the test plots was occasional water- 
ing during the hottest, driest periods. 

Comparison weight-loss data for 
the two fungi during 2-year period 
demonstrated that caused 
more weight loss than Poria. There 
appears some interaction between 
wood species and the two fungi, 
however. 

All the S.-grown wood 
species showed some weight loss the 
end the 2-year period. For the 
seven wood species for which 200 
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sapwood, and sapwood were tested, 
heartwood showed considerably less 
weight loss than the other two classes, 
with the exception eastern hemlock. 
Heartwood this species had much 
weight loss did the sapwood, The 
two species that showed 
weight loss were the heartwoods 
eastern redcedar and redwood, both 
with less than percent loss during 
all exposure periods. Atlantic white- 
cedar, western redcedar, 

cypress heartwoods showed less than 
10-percent weight loss the first year, 
but showed considerably greater weight 
loss the second year. 

the S.-grown species ex- 
posed less than 200 plots, those 
with the least weight loss were Osage- 
orange, Japanese chestnut, and Ameri- 
can smoketree. White oak and black 
walnut were found have less weight 
loss when exposed Poria than 
Merulius. 
hemlock had the most weight loss 
the species. 

the limited study the trop- 
ical woods, five species showed less 
than percent weight loss. The two 
species that showed most weight loss 
were African mahogany and Ohia. 

Weight loss was not related 
gravity. Broadieaved 
showed much weight loss coni- 
ferous species. 


Specific Number Weight 
0.46 600 Yes 47.1 
41 600 Yes 13.4 

600 Yes 5.7 
600 Yes 8.2 
43 600 Yes 24.3 
600 Yes 20.2 
600 Yes 53.3 
0.76 100 No 6.9 
72 75 No 24.5 
77 300 Yes 14.5 
8.8 
150 Yes 16.3 
.79 125 No 3.0 
1.07 175 Yes 8.4 
-58 150 Yes 23.0 
-78 25 No 28.7 
-53 225 No 44.9 
.80 150 Yes 13.0 
220 30.8 
.80 150 Yes 23.5 
40 450 Yes 13.6 
49 550 Yes 51.1 
0.59 4 No 0.5 
45 4 No 16.0 
49 No 17.0 
.95 4 No Fou 
.76 4 No 
.96 4 No —.3 
1.33 4 No —.1 
4 No 24.6 
.89 4 No 20.5 
1.19 4 No .6 
1.14 4 No 12.9 
1.43 4 No 3.3 
-70 4 No | 
1.31 4 No 8 
-53 4 No 15.2 
.59 4 No 2.4 
.65 4 No 1.5 


10. 


Cartwright, St. G., 


Kimmey, W., 


Mattoon, 


Forest Service usage; names tropical species accordance with most prevalent international usage. 

For the average specific gravities of wood species see Wood Handbook (8). 
indicates disregard type wood. 
For other U. S. species the values are over-all averages 
negative value indicates that the wedges actually gained weight. 
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LIGNUM-VITAE logs being prepared Nicaragua, 


WOOD COMMONLY CALLED 
has been material 
commercial importance since 1508, 
when was first introduced the 
medical profession Europe 
panacea for some the most serious 
diseases. Although this wood 
longer seriously considered 
all” medicine, the gum extractive 
still included some 
medicinal preparations for its balsamic 
qualities, However, the name 
vitae (tree life) remains testi- 
monial its early use (2).? Today, 
utilized mechanically 
for its extreme hardness, durability, 
and self-lubricating qualities. 

Commercial quantities Lignum- 
vitae are chiefly obtained from two spe- 
cies the genus Guaiacum; offi- 
cinale and guatemalense Plancli. 
These species are found the West 
Coast Central America, Cuba, Jama- 
ica, Haiti, and the Dominican Republic 
(2). 

The principal uses 
are for self-lubricating bearings 
bushing blocks lining the stern tubes 
marines, pulleys, rollers, slides and 


paper sponsored the Lig- 
num-Vitae Products Corporation, Jersey City, 
(November, 1958). 

Numbers parentheses refer the litera- 
ture cited the end this paper. 
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SELECTIVE CUTTING choice portion log for use marine 


propeller shaft bearings. 


INVESTIGATION CERTAIN PHYSICAL AND MECHANICAL 
Properties 


SHELDON GREENE 


Wood Technologist 
Timber Engineering Company 
Washington, D.C. 


evaluate certain properties 
that would helpful 
the use Lignum-vitae 
under various industrial and 
mechanical service conditions. 


guides, mallets, and for bearings, bush- 
ings, and pillow blocks industrial 
applications (5). even being used 
motor mounts large trailer trucks. 
Due its non-contaminating quality, 
also used for utensils the food- 
handling field. 

this study the following physical 
and mechanical properties were inves- 
tigated. Shear paralled the grain 
Hardness Toughness Chemical 
resistance Effect boiling water 
abrasion resistance Bearing charac- 
teristics sub-zero temperatures and 
Coefficient friction. 


The Author: Sheldon Greene 
graduate Yale’s School 


Forestry and holds mas- 
ters degree forestry and 
wood technology. received 


his B.S. degree forestry 

from the Massachusetts. 

was staff member 

Co., 

. Preparing this paper. e 1s 

currently with Hammond 
Organ Co., Chicago, Ill. 


Material Tested 


The selected for test- 
ing was clear heartwood. The average 
moisture content, determined 
the distillation method, was 9.25 
percent and ranged from 5.84 11.77 
percent. The specific gravity (oven-dry 
volume) averaged 1.21, 
with range 1.17 1.26. 


Physical and Mechanical Tests 


Shear Parallel the Grain: Ten 
specimens were tested for shear 
strength parallel the grain according 
A.S.T.M. Designation 
“Tests for Small Clear Timber Speci- 
Five the specimens were ma- 
chined that the shearing stress was 
applied radially; the remaining five 
specimens were cut that the stress 
was applied tangentially. 

The shear strength the Lignum— 
vitae tested shown Table The 
average shear strength the radial 
plane was 1977 psi, while the tan- 
gential plane was 1701 psi. The 
average shear strength the ten spe- 
cimens tested was 1839 psi. For com- 
parison, the shear strength sugar 
maple and yellow birch, taken from 
published literature, are also listed 


Table (1). 
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Table 1.—RESULTS SHEAR TESTS PARAL- 
LEL THE GRAIN CONDUCTED 
LIGNUM-VITAE SAMPLES. TESTS WERE 
CONDUCTED BALDWIN-SOUTH- 
WARK UNIVERSAL TESTING 


MACHINE 
Shear Strength 
Radial Tangential 
surface surface 
PSI PSI 

Average (5 specimens) - 1977 1701 
1620-2270 1470-1860 
Combined average_ 1839 
Sugar 2330! 
Yellow 1880! 


Products Laboratory, Wood Handbook, 
USDA Handbook No. 72, Washington, D. C. 1955 
page 83. 


Hardness: modified hardness 
test was used determine the hard- 
ness modulus (4). 
The standard A.S.T.M. hardness test 
was not applicable, since the extreme 
density the causes 
bulging the wood which prevents 
full penetration the hemispherical 
tip the hardness tool. addition 
the latter difficulty, splitting the 
specimens also occurred during the 
standard hardness test. 

The modified hardness test differs 
from the standard hardness test 
that complete penetration the hemi- 
spherical tip the hardness tool 
the material under test not required. 
Instead, the collar the hardness tool 
removed, and micrometer dial, 
reading 0.001-inch, fastened 
the shaft the tool. Penetration 
the hemispherical tip the tool 
recorded convenient load increments 
until sufficient number readings 
have been made enable straight 
line fitted through the plotted 
load-penetration 

The hardness modulus calculated 
from the relationship: 


Hm —= P/2 T th = 0.717 P/h 
where: 
area penetration, psi. 
load, pounds 


Using this method, five specimens 
were tested. Two penetrations were 
made the tangential surface, two 
the radial surface, and two each 
end. Penetration was rate 0.2- 
inch per minute. 

Table presents the hardness mod- 
ulii for the Lignum-vitae tested. The 
average hardness modulus the 


radial face was 22,180 psi; the 
tangential face, 19, psi; and 
the ends, 16,450 psi. The reduced end 
hardness appears typical very 
dense woods. The combined average 
for the tangential and radial faces 
was 20,975 psi. For comparison with 
the hardness modulii Lignum-vitae, 
Table lists the hardness modulii 
various species woods, indicated 
published literature (4). 


Table MODULI VARIOUS 
SPECIES 


Specific 
Species gravity? modulus 
PSI 

.44 1,960 
2,380 
.70 5,520 
Pine, eastern white--_---_- .39 1,490 
Poplar, ......-..- .45 1,620 
.38 1,430 


1 Weatherwax, R. C., E. C. O. Erickson, and A. 
Stamm, Means Determining the Hardness 
Wood and Modified Woods Over Broad Specific 
Gravity Range. ASTM Bulletin No. 153 pp. 84-89. 
August 1948. 

oven-dry weight and volume test. 

Toughness: The toughness values 
for specimens Lignum-vitae were 
determined Forest Products Lab- 
toughness testing machine 
accordance with A.S.T.M. Designa- 
tion “Tests for Small Clear 
Timber 
were loaded the radial face and ten 
the tangential face. The toughness 
values each specimen, 
pounds, were obtained from published 
calculated values entitled “Calculated 
Toughness Values for Use with Forest 
Products Laboratory Toughness-Testing 
Machine” (3). 

The toughness values for the Lig- 
num-vitae specimens tested are given 
Table Values sugar maple and 
yellow birch, taken 
data, are also included this table (1). 


Table 4.—RESULTS TOUGHNESS TESTS 
CONDUCTED 
MENS TESTED FOREST PRODUCTS 
LABORATORY-TYPE TOUGHNESS 
TESTING MACHINE. 


Toughness Values 


Radial 


Tangential 
Inch-pounds Inch-pounds 
Average 
(10 specimens) 135.0 195.5 
Range 
Combined average___- 165.5 
Yellow birch__ 260.0! 330.01 
Sugar 190.0! 


1 Forest Products Laboratory Wood Handbook, 
USDA Handbook No. 72, Washington 25, D. C., 
1955. 


Table 2.—RESULTS MODIFIED HARDNESS TESTS CONDUCTED 
LIGNUM-VITAE SPECIMENS 


Hardness modulus 


Tangential 


surface Radial surface End surface 
PSI PSI 
Average... 19,700! 22,180! 16,4502 
Range 16, 700-22 , 400 15, 900-26 , 600 11,950-19, 400 
Average of tangential 
and radial 20,957 


lAverage of 10 tests. 


tests. 


The average toughness value for the 
Lignum-vitate specimens loaded the 
radial face was 135.0 inch-pounds, 
while the average value for those 
loaded the tangential face was 
195.5 inch-pounds. The combined av- 
was 165.5 inch-pounds. 


Chemical Resistance: Because Lig- 
used situations where 
exposed various reagents, was 
felt that important phase this 
study would evaluation the 
effect number reagents the 
wood, known that 
has unusual resistance many acids 
and harsh chemicals, comparison 
various other industrial materials, but 
quantitative measure this re- 
sistance was desired. 


This was accomplished 
mining the changes 
weight, dimension, and abrasion 
sistance after seven days’ immersion 
room temperature the following 
reagents: Sulphuric acid (3%), 
hydroxide (1%), Sodium hydrox- 
ide (10%), Ethyl alcohol (50%), 
Ethyl alcohol (95%), Sodium 
Chloride (10%), Ethyl acetate, 
Carbon tetrachloride, Toluene, 
Heptane, Acetone, Acetic 
acid (5%). 

Three specimens, each measuring 
hole the center, were immersed 
each reagent, Prior immersion, each 
specimen was weighed the nearest 
0.05 gram and its three dimensions 
measured accuracy 0.001 inch. 

Each reagent was contained 
clean porcelain pan and the three spec- 
imens each reagent separated 
wooden stickers expose all sur- 
faces the action the reagent. The 
pans were covered during the seven 
days’ immersion prevent evapora- 
tion. Each reagent was stirred daily 
minimize 

completion the 7-day immer- 
sion period, each specimen was wiped 
clean and re-weighed and measured 
The weight and dimensional change 
was calculated percent the 
original air-dry weight and dimension. 

The abrasion test was performed 
Taber abraser shown Fig. 
The two abrasive coated wheels 
held contact with the specimen sur- 
face pressure 1000 grams 
erted each wheel. No. 
Cloth was used the abrasive for 
testing the Lignum-vitae and fresh 
abrasive was used for the 
tests. Each specimen was subjected 
500 cycles the Taber abraser fo: 
determination abrasion resistance. 

Although other methods evalu- 
ating abrasion resistance are known 
the Taber abraser was used because 
provided good control the several 
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variables abrading material, applied 
abrasion load the specimen, and 
duration test. 

The amount abrasion occurring 
was measured with depth gage 
accuracy 0.0005 inch. The standard 
weight-loss method for determining 
abrasion resistance could not em- 
ployed due the loss and gain 
moisture during weighing 
small amount wood abraded. Three 
untreated, air-dry specimens and three 
water-soaked specimens were tested 
controls. addition, three air-dry 
end-grain specimens were also tested. 

“Index Abrasion Resistance” 
was calculated from the following 
relationship: 


100 
where: 


resistance index 
specimens 


this system classification, re- 
sulting high index number indicates 
less reagent effect specimen abra- 
sion resistance than lower ones. The 
depths abrasion the three treated 
specimens each set were averaged 
and this value used computing the 
index, The index was computed using 
both the untreated, air-dry specimens 
and the water-soaked specimens 

The results the chemical 
sistance tests are given Table 
The reagents are listed decreasing 
order effect abrasion resistance. 

The percent sodium hydroxide 
has the most adverse effect the 
Lignum-vitae, causing the 
amount weight change, dimensional 
change, and decrease abrasion 
sistance. This possibly due the 
fact that the highly alkaline solution 
readily dissolves the oily, 
resistant material the wood, allow- 
ing moisture enter the wood struc- 
ture and cause swelling and weight 
increase. The abrasion resistance ad- 
versely affected because the loss 
oily material from the wood and the 
softening the wood tissue resulting 
from the action the strong alkali 
and from increase moisture 
content. 

The percent sodium hydroxide, 
percent sulphuric acid, and percent 
acetic acid, because their low con- 
centrations, have nearly the same ef- 
fect weight and dimensional changes 
water alone. The slight decrease 
length noted with the percent sul- 
phuric acid and the percent acetic 
acid may due the dissolving 
thin layer the oily material the 
grain surfaces the wood. These 
reagents cause moderate decrease 
resistance. 
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Fig. 1.—The Taber abraser used test 
the effect various treatments the abra- 
sion resistance Lignum-vitae. 


The percent sulphuric acid has 
slight negative effect the dimen- 
sions the Lignum-vitae, presumably 
caused the hydrolyzing and desic- 
cating action the acid. The weight 
change and abrasion resistance are 
affected very little. 

The percent ethyl alcohol has 
desiccating effect the Lignum-vitae, 
causing loss moisture and subse- 
quent decrease weight and dimen- 
sions. The percent ethyl alcohol 
does not show this marked de- 
gree, although the weight and dimen- 
sions decreased very slightly. The abra- 
sion resistance lowered somewhat 
soaking alcohol, although there does 
not seem significant difference 
the effects the two concentrations 

Carbon tetrachloride, toluene, hep- 
tane, and ethyl acetate have approxi- 
mately equal effects the weight and 
dimensional changes Lignum-vitae. 
The decrease both quantities pos- 
sibly caused the dissolving some 
the oily material the surfaces 
the specimens. The toluene 
tane cause much greater decrease 
the abrasion resistance than 
carbon tetrachloride and ethyl acetate. 

The percent sodium chloride so- 
lution causes moderate increase 
weight and dimensions. The abrasion 
resistance, however, lowered appre- 
ciably. 


Effect Boiling Water Abra- 
sion Resistance: Two sets three 


specimens each were used determine 
the effect boiling water the abra- 
Sion resistance Lignum-vitae. The 
used the study chemical resist- 
specimens were the same type 
ance. One set three specimens was 
soaked for one week water, while 
the second set three specimens was 
soaked for six days and then subjected 
eight hours boiling, followed 
additional hours soaking. During 
the boiling operation the specimens 
were placed fresh boiling water 
2-hour intervals. 


Upon completion the soaking and 
boiling phase, both sets specimens 
were the same abrasion 
test used the chemical resistance 
study. The Abrasion Re- 
was calculated, based both 
the untreated, air-dry controls and the 
water-soaked controls. 


The results the tests for the ef- 
fect boiling water abrasion re- 
sistance are listed Table 


Boiling water severely effects the 
abrasion resistance Lignum-vitae, 
causing loss abrasion resistance 
compared with un- 
treated, air-dry Lignum-vitae and 
percent compared with Lignum- 
vitae which has been soaked water 
room temperature for one week. 


The decrease abrasion resistance 
from boiling water caused the 
softening action this treatment 
the wood tissue. The high temperature 
which the wood exposed during 
boiling causes much greater degree 
softening than caused soaking 
room temperature, although the 
latter does have slight softening 
effect. 


Bearing Characteristics Sub-zero 
Temperatures:—Four specimens 
Lignum-vitae, similar those used 
the chemical resistance tests, were im- 
mersed water room temperature 
for two weeks and then conditioned 
sub-zero temperatures storage be- 
tween blocks dry ice. After storage 
this manner for hours, the abra- 
sion resistance each specimen was 
determined, previously described, 
chamber maintained temperature 
approximately —5° 

Although was recognized that the 
friction the Tabor abraser would 
cause increase specimen tempera- 
ture, was felt that any effect 
chamber temperature pre- 
vented any substantial 
specimen temperature from occurring. 
The abrasion resistance was calculated 
based both the untreated, air-dry 
controls and the water-soaked controls. 
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MULTI-GROOVED lignum-vitae roller used 
fabricating twine. The hard surface and 
natural resin smooths and the 
twine moves through the grooves. 


The results the 
conducted sub-zero temperatures are 
shown Table The average abra- 
sion resistance similar that 
untreated, air-dry Lignum-vitae and 
somewhat higher than for water-soaked 
specimens. 

Coefficient Friction: The 
cients static friction were deter- 
mined for Lignum-vitae, Arguto (oil- 
impregnated maple), Nylon, and Mi- 
carta contact with cold-rolled steel. 
The coefficients kinetic friction, 
both dry and water-immersed, were 
determined for Lignum-vitae, Arguto, 
Nylon, Micarta, and Parock contact 
with cold-rolled steel. 


Reagent 


1 


Sodium 


Toluene 

Sodium chloride (10%) 
Ethyl alcohol (50%) 
Heptane 

Sulphuric acid (3%) 
Sodium hydroxide (1%) 
Acetic (5%) 
alcohol (95%) 
Ethyl acetate 

Acetone 

Carbon tetrachloride 


Sulphuric acid (30%) 
Water 

untreated 
Air-dry, untreated end 


Weight 
change 


Per cent Per cent 


+2.29 
-1.29 
-1.54 


+0.72 


MARINE AND AWNING equipment items; 
deadeye for guiding rope; fids, used for 
splicing rope; different sizes mast trucks 
used masts and flag poles for raising and 
lowering flags and sails. 


Three specimens each Lignum- 
vitae and Arguto and two specimens 
each the other materials were tested. 
The surfaces all specimens were pre- 
pared for test identical manner 
avoid surface variation much 
possible. Test specimens measured 
three Lignum-vitae and three Arguto 
specimens were prepared with the 
fibers the wood parallel the small 
dimension. These were tested deter- 
mine the end-grain coefficient fric- 
tion. 


The coefficient static friction was 
cold-rolled steel plate and inclining the 


TABLE 


Summary results chemical resistance tests conducted Lignum-vitae 
specimens subjected various reagents 


Per cent Fer cent 


+0.92 +0.80 
+1,68 +1.59 
-0.48 -0.27 
0.00 
-0.09 +0.33 
-0.11 -0.66 
-0.27 
+0.19 


ASSORTMENT lignum 
vitae bearings, bushings, pulleys, rollers 
wheels and small spheres used industry 
for many purposes. 


plate until the test specimen began 
slide. order insure intimate con 
tact between the steel and the tes. 
specimen, small metal block 
placed top each specimen prio: 
inclination the plate. The 
cient static friction equal th: 
tangent the angle inclination 
the point where movement 
specimen begins. 

determine the coefficient 
netic sliding, friction, each specime: 
was placed the steel plate, 
horizontal plane. normal, ver 
tical, load was applied the 
specimen and, while under this load 


Index 


' 

Abrasion 

t 


100 


Inches 

0.0180 
0.0150 
0.0138 
0.0138 
0.0132 
0.0132 
0.9132 
0.0128 
0.0115 
0.0133 
0.0110 100 
100 
100 108 
0.0090 113 122 


grain 


Each value represents average specimens tested. 
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Table 6.—RESULTS TESTS CONDUCTED LIGNUM-VITAE 
SPECIMENS DETERMINE THE EFFECT BOILING WATER 
ABRASION RESISTANCE 


Index of abrasion resistance 


Table 8.—AVERAGE COEFFICIENTS STATIC AND KINETIC FRICTION 
FOR LIGNUM-VITAE AND FOUR OTHER MATERIALS TESTED 
CONTACT WITH COLD ROLLED STEEL PLATE 


Average friction 


Treatment inches =100 =100 
Water 
Boiled (soaked days—boiled Material Direction motion Dry immersed 
Treatment inches =100 =100 
rozen and tested at sub-zero 
0.0101 101 110 
the block was pulled along the steel Summary ing characteristics the Lignum-vitae, 


plate spring scale (dynamometer) 
having 10-pound capacity and capable 
being read the nearest ounces. 
The motion the test block was main- 
tained at.a velocity approximately 
feet per minute. The coefficient 
kinetic friction was calculated di- 
viding the horizontal force required 
keep the specimen constant motion 
the vertical normal force, which 
included the applied load plus the 
weight the block. 


This coefficient was determined for 
the various materials both dry 
state and while water immersed. The 
latter was accomplished placing the 
steel plate water-tight container 
and adding enough water that 
complete film covered the plate. The 
tests were then conducted the man- 
ner previously described. 


The coefficients friction for the 
materials tested are listed Table 
From these data, can seen that 
the Lignum-vitae has slightly higher 
average coefficient kinetic friction 
than either the Arguto Nylon, with 
the Nylon having the lowest average 
all. The dry coefficient kinetic 
friction Lignum-vitae higher than 
that Arguto but much lower than 
those Parock and Micarta and ap- 
proximately equal Nylon. The 
Lignum- 
vitae showed the lowest coefficient 
friction, while the 
mmersed Micarta showed the highest. 


The following summarizations can 
made from the physical and 
mechanical properties Lignum-vitae 
investigated this study: 


The shear strength Lignum- 
vitae parallel the grain approxi- 
mately equal that yellow birch. 


Lignum-vitae has hardness 
modulus which about four times 
greater than that yellow birch and 
sugar maple. Due this hardness, the 
wood can used self-lubricating 
bearing material under relatively heavy 
loads. 


The toughness Lignum-vitae 
less than that either sugar maple 
yellow birch. 


chemicals, was found that only the 
percent sodium hydroxide had 
markedly greater effect the weight 
and dimensional changes than did 
water alone. many cases, the effects 
these properties were less than 
that The percent sodium 
hydroxide also caused the most serious 
loss abrasion resistance. 


The effect boiling water 
the abrasion resistance Lignum-vitae 
was lower nearly much did 
the action the strong alkaline solu- 
tion. should noted, however, 
that Lignum-vitae has found applica- 
tions boiling water with excellent 
relative wear life. 


sub-zero temperature the bear- 
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measured abrasion resistance, 
does not differ significantly from that 
air-dry, untreated material. 


The coefficients friction 
Lignum-vitae are generally comparable 
superior those other materials 
used under conditions where low- 
degree surface friction required. 
Service experience has indicated that, 
under certain conditions, thé bearing 
surfaces Lignum-vitae become glazed 
and slide after usage. This causes 
lower coefficient friction, which 
turn reflected decreased power 
consumption. The self-lubricating prop- 
erty the wood can never lost, 
since the lubricating resin distributed 
throughout the wood structure. 
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PULP AND CHEMICAL POTENTIAL FOR 


Western Red Cedar 


WETHERN 


Central Research Department, Crown 
Zellerbach Corp., Camas, Wash. 


Improved kraft pulp utilization depends primarily 


wood costs being low enough compensate for the lower 
yield and production. Sulfite pulping has only limited 
promise, and groundwood production not practical. 
Further research all aspects cedar extractives 
needed before any conclusions can drawn chemical 


RED CEDAR has become 
utilization problem. While sub- 
ject some imbalances, there rea- 
sonable demand for the higher quality 
cedar that may suitable for clear 
lumber shingles. However, there are 
several sources lower quality cedar 
not suitable for these uses. 

One large source slabs, edgings, 
trim, and other waste from lumber and 
shingle operations. Another source 
the low-quality logs not suitable for 
such operations, that are by-product 
high-quality cedar other logging 
operations. Probably the largest poten- 
tial source and the one presenting the 
greatest long-range problem 
large volume uncut scrub cedar. 
These trees have frequently been by- 
passed because lack outlets. 

With the rapid growth the pulp 
and paper industry British Colum- 
bia, there has been increased utiliza- 
tion waste wood the point where 
the softwoods other than cedar are be- 
ing moderately well utilized. The nat- 
ural question is: Why this same 
development similarly 
utilization western red cedar? 
not because lack 
pulping methods. Several workers (1, 
have demonstrated the suitabil- 
ity the kraft process for pulping 
cedar, and several kraft mills pulp 
cedar commercially. 

addition their work kraft 
pulping, Drs. Holzer and Booth also 
showed that sulfite pulping could 
applied western red cedar (1). One 
phase this discussion will di- 


Presented the Fall Meeting the Pacific 
Northwest Section, FPRS, Oct. 27, 1958, 
Vancouver, British Columbia. 


The Author: James Wethern holds 
chemical engineering from the University of 
Wisconsin, and and PhD degrees from the 
Institute Paper Chemistry. Coordinator 
Applied Research Crown Zellerbach. 
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utilization, although the volatile oils show promise. 


rected toward those factors which limit 
the use cedar spite the pres- 
ence British Columbia several 
large pulp and paper mills with the 
technical ability utilize it. 


Chemical Utilization Potentiality 


Chemical utilization cedar has 
been suggested another method 
disposing non-lumber quality wood. 
There little chemical utilization 
either carbohydrate lignin from 
wood, except via the pulp industry, 
that there seems little immediate po- 
tential for large-scale utilization ce- 
dar that However, the naval 
stores industries the southern United 
States and the tannin industries amply 
demonstrate the potential for chemical 
utilization the extraneous com- 
ponents suitable woods. Gardner 
and Barton (4) their summary 
the extensive work extractives from 
western red cedar, show that extractive 
content high, that this cedar 
could provide raw material for ex- 
tractives industry. Discussion will also 
directed toward the problems 
overcome before the outlet becomes 
reality. 

Western red cedar 
Donn) only one the cedars avail- 
able the Pacific Coast. However, 
will the only one considered here, 
the generic term, cedar, will used 
for convenience many cases refer 


Pulp Utilization 


Commercial kraft, groundwood, and 
sulfite pulp mills are all operating 
British Columbia, all three processes 
will considered. However, some 
general wood characteristics cedar 
affect all these processes, they will 
considered first. 


Wood Properties 


The peculiar characteristics ceda 
markedly affect its utilization. 
properties affect only specific types 
utilization and must considered 
gether with the method utilization 
There are, however, two properties 
affect most aspects utilization and 
particularily pulping. 

The low density cedar the 
serious handicap increased use 
pulping. Pulp and, many cases, pa- 
per are produced and sold 
weight basis. Therefore, pulp 
facturer basically interested the 
weight raw material that obtains 
when purchasing wood. However, the 
logging and lumber 
mally work volume basis, with 
either cord board foot measure 
for logs and unit (200 cu. ft. gross 
volume) measure for chips, and 
this basis that wood usually sold. 
the pulp industry the West 
Coast, cedar competing primarily 
against hemlock and Douglas-fir. The 
weight given volume cedar 
compared that the other woods 
Table 


Table 1.—DENSITIES CEDAR, HEMLOCK, 
AND DOUGLAS-FIR 


Density, 
of O.D. wood Y of 


Wood volume Douglas-fi: 

Cedar, (Oregon)._______ 21.0 65 
Cedar, normal, (B. C.)__ 21.5 66 
Cedar, scrub, (B. C.)___ 23.0 71 
27.9 86 
Douglas-fir, old growth_ 32.4 100 
Douglas-fir, second 


These data were obtained within 
Crown Zellerbach organization 
merous samples, and the results 


considered representative 


Columbia Coastal woods, except 
the Oregon cedar sample. Densitie 
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were determined measuring volume 
displacement and weight after dry- 
ing and are terms pounds 
oven dry wood per cubic foot green 
volume. These values are generally 
somewhat higher than reported the 
literature (5), but has been the au- 
thor’s experience that British Columbia 
woods are slightly denser than those 
from the northwestern United States, 
the wood source used arriving 
most the wood-density figures cited 
the literature. 

This comparison shows that given 
volume cedar contains only per- 
cent much wood weight 
equivalent volume hemlock, 
percent much for old-growth 
Douglas-fir. This factor must con- 
sidered evaluating cedar, together 
with the other factors that affect pro- 
duction 

The bark characteristics cedar also 
affect utilization. The bark quite 
stringy compared that other soft- 
woods. The wood mill and debarking 
systems most pulp mills are not 
equipped handle this bark. Due 
its stringy nature becomes entangled 
equipment. This plus low density 
reduces capacity materially that 
wood mills designed for other woods 
could not satisfy production require- 
ments working cedar. addi- 
tion, debarking costs are raised due 
low capacity and high down-time for 
clean-up. While suitable equipment 
could installed overcome this 
problem, there normally has been 
financial incentive so. 

Another barking factor also affects 
utilization, cedar logs, particularly the 
lower grade ones, are often crooked 
and have ingrown bark. This results 
incomplete bark removal integrated 
wood mill operations, and also fre- 
quently results significant bark con- 
tent waste chips. Any bark in- 
cluded can cause dirt problems. 

addition the above, the large 
percentage shaped logs 
pulp-quality cedar further hampers 


efficient wood mill operations pulp 
mills. 


Kraft Pulping 


Kraft pulp production the main 
commercial outlet for low-quality ce- 
dar today where value greater than 
that hog fuel and several kraft mills 
use significant quantities. However, 
even though the British Columbia kraft 
mills have the capacity use much 
more cedar, utilization remains poor. 
Several problems must solved be- 
fore larger scale utilization western 
red cedar undertaken. 

Kraft pulping western red cedar 
has been studied both the Central 
Research Department Crown Zeller- 
and the mills Crown Zeller- 
and Crown Zellerbach Canada 
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Limited. the laboratory results have 
been found generally comparable 
those from mill work, and more 
detailed information the former are 
available, only the laboratory results 
will reported here. Since the labora- 
tory pulping and pulp evaluation pro- 
cedures used have been reported else- 
where (1) they will not covered 
here. Wood samples represent mix- 
ture chips from several trees and 
originated follows: western red ce- 
dar from Columbia County, Oregon 
and from the Ocean Falls area 
British Columbia; and western hem- 
lock and old-growth 
growth Douglas-fir from Vancouver 
Island, Results kraft pulping 
are presented Table 


The yield disadvantage cedar 
mentioned under wood density in- 
creased kraft pulping due lower 
yield pulp per weight wood. 
both vield and density are taken into 
consideration, then volume basis 
western red cedar will give only 
percent much pulp hemlock, 
only percent much old-growth 
Douglas-fir. This disadvantage shows 
both purchasing wood and 
production. The kraft production prob- 
lems, far the digestion stage 
concerned, can partially overcome 
using chip packers load more 
wood into the digesters. 


Increased corrosion another dis- 
advantage kraft pulping western 
red cedar. illustrate this problem, 
the case Crown Canada’s 
Ocean Falls mill can cited. Here 
was found that, due rapid corrosion 
the digester mild steel shell, the 
indicated life digester used exclu- 
sively cedar was only percent 
that the other digesters which 
were used hemlock and Douglas-fir. 
addition, the Port Townsend 
mill, corrosion the top vapor 
dome the digester has been prob- 
lem, and this problem has been found 
most serious with cedar. 


The factors that cause this problem 
with cedar have been identified 
MacLean and Gardner (6), and these 
findings have been confirmed work 
Crown Zellerbach’s laboratories. The 
distinct types, with one type due 
volatile and the other due non- 
volatile materials cedar. That due 
volatiles can occur the following 
manner: When cedar chips are loaded 
into digester, which still hot from 
the previous cook would the 
normal case, the chips next the shell 
are heated. This heat volatizes certain 
components from the cedar, primarily 
the isopropyl tropolones, and 
thujaplicans. 

When condensed, these chemicals 
react with either iron iron oxides 


form water-soluble iron salts. The ac- 
tion iron direct corrosion, while 
the action iron oxides remove 
the protective film from otherwise pas- 
sive areas, and lead corrosion that 
would not occur without this activa- 
tion. condensation seems necessary, 
and only limited areas, normally 
the top the digester, are cold enough 
for condensation, this corrosive action 
concentrated such areas. 


The exact nature the non-volatile 
materials western red cedar that 
cause corrosion not clearly defined, 
although available 
cates that they are phenolic, probably 
containing 1,2-dihydroxybenzene 
groups. The responsible materials ap- 
parently have chelating action 
iron, even alkaline media, and form 
water-soluble iron complexes. 

Installation corrosion-resistant ma- 
terials permit kraft pulping ce- 
dar not straightforward solution 
might appear those not familiar 
with kraft The cost such 
equipment will run from 200 
percent more than for the normally 
used steel equipment; thus, inclusion 
such equipment may increase the 
capital investment modern kraft 
mill millions dollars. 


The use anodic protection 
kraft digesters has been studied 
Mueller (8). would desirable 
know this would effective pre- 
venting corrosion due cedar. The 
possibilities extractives industry 
based cedar will discussed later 
this paper. might pointed out, 
however, that since has been demon- 
strated that removal the extractives 
eliminates the unusual corrosion due 
cedar (6), wood residue from 
such industry might involve 
unusual corrosion problem. This should 
serve added incentive develop- 
ment such utilization, since removal 
the extractives only eliminate 
corrosion would almost certainly 
too expensive. Mixing 
other woods during pulping may 
partial answer corrosion 
have been some indications that ad- 
dition more than percent ce- 
dar Douglas-fir cooks results 
corrosion rate more line with that 
expected for Douglas-fir than for ce- 
dar. However, further studies are 
needed verify this tentative result. 


The one bright spot kraft pulp 
utilization cedar that kraft pulp 
from cedar does have some quality ad- 
vantages over competing softwoods 
pulps. (Table 2). 

Hemlock kraft pulp has been found 
through experience have 
nearly optimum strength balance, for 
softwood pulp, strength proper- 
ties for many critical grades such 
bag and sack papers. comparison 
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hemlock, cedar, and Douglas-fir pulp 
strength properties shows cedar 
strengths but deficient tear com- 
pared hemlock, and the reverse situ- 
ation true with Douglas-fir. Since 
the preferred lumber 
species, large amounts Douglas-fir 
wastes are available, but utilization 
hampered the above strength prop- 
erties. Because the complementary 
strength relationship, however, proper 
mixtures Douglas-fir and cedar 
pulps are approximately equivalent 
hemlock properties. This ability 
hemlock quality its main advantage 
the kraft pulp utilization 

Bark elimination can problem 
with cedar, mentioned earlier. 
determine the importance bark 
kraft pulping, cooks were made 
chips from unbarked cedar logs. Re- 
sults are shown Table higher 
chemical usage was found neces- 
sary with the unbarked wood, 
was pulped the same degree 
the debarked wood. Even this 
higher chemical usage, the bark caused 
significant drop strength and 
brightness. Also dirt and shive counts 
were increased the point where they 
would objectionable many un- 
bleached grades. The effect bark 
bleaching was also determined 
running comparable four-stage bleaches 
pulps from unbarked and debarked 
wood. The overall conclusion that 
cedar bark deleterious pulp qual- 
ity and should largely eliminated 
cedar supply for kraft pulping, 
although the small amount that might 
get into chips from 
seams, and forth should not have 
too serious effect. 


Groundwood Pulping 


With the large newsprint production 
British Columbia, groundwork 
production from western red cedar 
were practical, considerable utilization 
might result. Unfortunately, this im- 
practical because the poor color 
cedar groundwood. While 
wood cedar fairly light, and 
might give good groundwood, prac- 
tically all available wood contains 
significant percentage dark 
This heartwood lowers bright- 
ness, measure pulp whiteness, 
unacceptable level. For example, 
representative sample cedar when 
ground gave brightness 38, com- 
for the West Coast softwoods com- 
monly ground for newsprint ground- 
wood. Hydrosulfite bleaching com- 
monly used improve brightness 
groundwood pulps. However, bleach 
cedar groundwood using percent 
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Table 2.—KRAFT PULPING COMPARISON WESTERN RED 


Wood and Source Oregon 


cedar 
Wood Condition Barked 
Chemical usage, Na 2O based on 
Time at max. temp., min._____- 
Screened yield, 
Permanganate 
G.E.R.S. brightness, at 460 mmu_____- 
Pulp strength 600 C.S.F. 
Bursting strength, pt./100 lb. basis 
Tearing resistance, gm/lb. basis 
Breaking length, meters_______. 
Apparent density, 


Oregon 
cedar cedar 


Unbarked Barked 


Second- Old- 
growth growth 
Douglas- Douglas- 
Hemlock fir fir 


Barked Barked Barked 


British 
Columbia 


44.5 
3.0 


165 


1.72 2.25 2.75 
14,400 


12,000 11,000 
-68 -65 


‘Constant Conditions—Time to temperature—60 min.; Temperature, 345° F.; Sulfidity 24-26%; 


Liquor ratio 3.5-4.0:1 


other conditions raised brightness only 
48. Thus, even though larger 
amount chemicals than usual was 
applied, brightness was still below the 
acceptable Because color, little 
work has been done the other as- 
pects grinding cedar. From wood 
properties expected that ground- 
wood pulps reasonable strength 
might obtained from cedar. How- 
ever, grinding cedar for paper- 
making pulp must await development 
suitable pulp bleaching techniques. 


Sulfite Pulping 


Sulfite pulp production British 
Columbia utilize much 
the available cedar, but available 
information indicates such cedar use 
insignificant. This spite the 
fact that sulfite pulping western red 
cedar has been demonstrated pos- 
sible (1). Further studies have been 
made both the Port Angeles and 
Camas, Washington mills and the 
Central Research Department Crown 
Zellerbach the problems over- 
come make increased commercializa- 
tion practical. Again, laboratory studies 
duplicate mill experience and are 
used for convenience. Pulping proce- 
dures have been covered elsewhere (1) 
only the results shown Table 
will reported here. Wood sources 
were reported under kraft pulping, 
except the scrub cedar sample was 
from the Ocean Falls area British 
Columbia. 

does have yield disadvan- 
tage compared hemlock, primarily 
due low density. This may fur- 
ther increased low yield pulping 
cedar, especially contains high 
concentration extractives. This ap- 
pears the main reason for the 
differences yield between the various 
cedar samples. 

Digestion production 
from this low yield per volume, but 
further aggravated the long cook- 
ing time required for pulping order. 
the experimental cooks, there was 
1.8 hour increase cooking time 


over hour hemlock cycle. This 
equivalent percent longer 
cooking time, and commercial 
ence confirms that necessary 
increase the overall cycle about this 
This imposes very severe 
obstacle sulfite pulp utilization 
cedar, because the higher operating 
and capital costs that result from this 
low production rate. 

There are several other problems 
the sulfite pulping cedar. Chemical 
usage very nearly large per di- 
gester cedar per digester hem- 
lock, chemical costs are raised ac- 
cordingly. The cedar sulfite has low 
initial freeness, which indicates low 
drainage rate water through the 
pulp. This slows washing the pulp 
sulfite blow-pits and otherwise limits 
production rate. Another factor the 
negative side may corrosion, al- 
though the materials used sulfite 
mill are normally quite corrosion 
sistant, and difficulties have been 
noted limited laboratory and mill 
experience. However, the extractives 
which cause difficulty kraft pulping 
are strong enough chelating agents 
that would seem desirable check 
corrosion possibilities before extensive 
use cedar sulfite mill. 

Bark creates special problem 
sulfite pulping cedar. This problem 
barked wood impractical with present 
screening Even traces bark 
can cause significant problem this 
type and lead dirt the final prod- 
uct, very thorough debarking 
necessary. 

High dirt content and low bright- 
ness are problem with cedar even 
bark present. Such dirt appears 
due larger than normal 
break-up knots, perhaps due the 
long cooking time required for the 
wood. This dirt can reasonably 
removed centrifugal cleaners. The 
low brightness serious problem, for 
would limit usage unbleached ce- 
dar sulfite only few the paper 
grades where unbleached sulfite nor- 
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100 
42.1 41.7 45.1 42.5 
2.2 2.6 2.6 
28.8 27.1 27.1 27.2 
21.1 21.3 21.3 
169 207 135 125 
1.92 2.85 
12,600 10,150 
-70 
7 
4 
q 
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Table 3.—SULFITE PULPING WESTERN RED 


Wood and source 


Wood condition 


Time at 
Brightness, G.E.R.S. at 460 mmu_- __ 
Strength properties 600 C.S.F. 

Bursting strength, pt./100 

Tearing resistance, 

Apparent density, 


Oregon Oregon normal scrub hemlock 
cedar cedar cedar cedar 

Barked Barked Barked 
5.42 5.58 5.30 5.30 3.50 
41.0 37.9 47.3 44.0 46.48 
2.7 7.4 1.2 2.9 -2 
14.5 15.6 BE} 16.6 12-16 
44.4 40.4 43.7 41.5 55-60 
660 610 665 675 700-720 
135 104 158 131 120 
1.26 1.25 -1i2 1.23 1.30 
11,800 8,550 11,800 9,700 10,800 


1Constant conditions: Base—calcium; total sulfar dioxide, %—6.90-7.10; combined sulfur dioxide, %— 
1.18-1.22; maximum _ temperature 280° F.; time to temperature—4.5 hr.; maximum pressure—95 psig; 


blowdown time—1.25 hr.; blow pressure—35 psig. 


mally used. Bleaching overcome 
this brightness possible. should 
noted that cedar sulfite seems more 
susceptible degradation during 
bleaching than most sulfite pulps, 


probably due the drastic nature 


the cook required for pulping. 

Strength properties cedar sulfite 
are nearly its sole advantage; com- 
pared hemlock, bursting strength 
high although tearing resistance low. 
Strengths are not high enough per- 
mit any unusual uses, however. The 
other advantage cedar sulfite its 
excellent forming characteristics 
compared hemlock sulfite. 


Chemical Utilization 


The production chemicals has 
been suggested one possible answer 
improving cedar utilization. For 
this, there seems little reason look 
especially the carbohydrate lignin 
fractions, for these cedar components 
not appear have unusual 
properties, and there practically 
commercial chemical utilization 
these materials except via the pulp in- 
dustry. Furthermore, because low 
density, for any uses involving cellu- 
lose lignin, cedar would 
from the same low yield per volume 
wood problem mentioned under 
pulping. 

Chemical utilization the extrac- 
tive fraction cedar offers more at- 
tractive possibilities. The total extrac- 
tive content cedar appreciably 
higher than that woods such 
hemlock Douglas-fir, and may 
selected parts cedar stumps. How- 
ever, the total extractive content 
most the wood, which for cost rea- 
sons might classed available for 
this type utilization, considerably 
lower than this. The extractive content 
cedar highest the more mature 
trees, especially those growing un- 
der more favorable conditions, and 
many the figures extractive con- 
tents cited the literature appeared 
based studies such woods. 
These are the trees least likely 
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available, however, because they are 
the best trees for lumber and shingle 
operations. 

the presently harvested logs, the 
extractive content highest the butt 
logs, and near the edge the heart- 
wood, that fraction the tree which 
most likely utilized present 
means. The waste wood from such op- 
erations commonly contains large per- 
centages sapwood, which has prac- 
tically extractive content. Limited 
tests have been made scrub and 
other lowgrade cedar, the wood other 
than sawmill waste most likely 
available, and contents acetone- 
soluble extractives low per- 
cent have been noted individual 
samples representative all that 
part whole tree normally removed 
from the forest. The wood available 
for extractive utilization doubt has 
extractive content somewhere be- 
tween these relatively wide limits 
percent; more extensive surveys 
extractive contents available 
woods are needed establish realis- 
tically the potential cedar extractives 
production. 

Sawdust and shavings from sawmill 
operations, and tow from shingle mills 
are probably the most attractive raw 
materials present, for they should 
available low cost and have rea- 
sonably high extractive contents. Cedar 
stumps might attractive, they 
could collected low enough cost. 
However, before any conclusions 
the potential various raw material 
sources can drawn, the methods 
recovering and the type materials 
present the extractives must con- 
sidered. For convenience, discussion 
these points will divided into 


two with volatile 
volatile extractives considered 
rately. 


Volatile Oils 


The fraction cedar that has re- 
ceived the most attention for chemical 
utilization the volatile oils. Gardner 
and Barton (4) reported that sample 
such oil recovered 0.3 percent 
yield from mill-run sawdust con- 


tained approximately one part thujapli- 
cins, one part thujic acid, and two 
parts methyl thujate. The amount and 
ratio these materials will vary with 
the source. addition, there ap- 
are other components present, 
commercial interest. The 
consist primarily three closely re- 
lated chemicals, and thujaplicin, 
which have chemical 
shown Fig. Gardner and co- 
workers (9) have also shown the 
presence another slightly different 
compound, hydroxy-4 isopropyltro- 
polone, which also shown structur- 
ally the figure. The thujic 
acid and its methyl ester are pure 
chemicals, and their structures are also 
shown. Sources containing more de- 
tailed information the chemistry 
these materials have recently been re- 
viewed (4), the chemistry these 
materials will not described further 
here. 

Suggested uses for the thujaplicins 
have included application 
cides, fungicides and antibiotics, since 
thujaplicins show natural activity 
these areas, and they might well 
even more effective suitably chem- 
ically modified. Their chelating ability 
has also been the basis for other sug- 
gested applications. addition nor- 
mal chelating applications, many 
the metal chelates are soluble 
ganic solvents. Thus, they may have 
special application metal separation 

Thujic acid and methyl thujate have 
been suggested base materials for 
the perfume and odorant This 
use based the distinctive odor 
the methyl ester, which mainly 
responsible for the characteristic cedar 
smell, and the fact that other un- 
usual odors can achieved produc- 
ing chemical derivatives the acid. 
Use thujic acid and derivatives 
insecticides, especially for carpet beetles 
and clothes moths, has also been sug- 
gested (4). addition, thujic acid 
and the thujaplicins from cedar are 
among the few sources naturally oc- 
curring compounds that have seven- 
carbon atom rings. This unusual chem- 
ical structure may lead unique 
properties and may make these chem- 
icals suitable base materials for the 
development many new agents 
the pharmaceutical field. 

view the relatively low concen- 
trations these materials available 
raw materials, any commercial uses 
would almost certainly have justify 
high price. Furthermore, the above 
are only suggested uses, and consider- 
ably more research will required be- 
fore commercial demand develops for 
these materials. 

Isolation might problem, even 
commercial demand developed, since 
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7-Hydroxy 


there are publicized commercially 
proven isolating these vo- 
latile oils from the wood 
ing the individual components. This 
problem complicated the low con- 
centration these materials most 
available waste wood, indicated 
the 0.3 percent yield from mill-run 
sawdust cited earlier. Steam distillation 
can used, but steam requirements 
are high and separation from the water 
condensate presents problem because 
water solubility. Gardner and Bar- 
ton (4) have suggested the use cop- 
wire powder recover the 
thujaplicins only from the vapor space 
dry kilns operating cedar, 
from the vapor phase steam strip- 
ping operation. Copper has selective 
action, reacts only with the thuja- 
plicins the volatile oils, and the re- 
sulting chelate can readily decom- 
posed permit recovery the desired 
material, Solvent extraction could 
used separate the materials from 
wood, but fractionation would in- 
volved obtaining pure materials. Al- 
kaline extraction and fractionation 
recover thujic acid has 

een patented (10). The thujaplicins 
are also removed from cedar this 
type extraction, and are recoverable 
via solvent extraction other means 
from the acidified extract. 


The thujaplicins are stable enough 
that major portion are present 
the waste liquor from either kraft 
sulfite cooks cedar. Isolation 
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Thujic Acid 


Fig. 1.—The most important chemicals that have been isolated from the 


volatile oils western red cedar. 


thujaplicins from pulping waste liquors 
may thus especially 
pulping cedar increases. Unfor- 
tunately, thujic acid largely decom- 
posed either type cook, and thus 
not practically recoverable from 
pulping waste liquors. While these 
are only portion the several poten- 
tial isolation schemes, all apparently 
more work before any commer- 
cial utilization volatile cedar oils 
undertaken. 


Non-Volatile Extractives 


The amount non-volatile extrac- 
tives normally considerably larger 
than that the volatile oils, 
might expected that the former 
would more interest for utiliza- 
tion. general, this has not been the 
case; with only few exceptions, these 
non-volatile materials not appear 
have been considered for utilization 
information their applications, 
isolation, and forth limited. 

The phenolic materials 
largest component the non-volatile 
fraction, although cedar does contain 
small amounts arabinose and 
sterol (4). special uses have been 
suggested for the sugar, arabinose, and 
little work has been done the 
sterol that there little basis for sug- 
gesting uses. The phenolic materials 
constitute least percent most 
available wood, and may amount 
arge amounts could obtained 


Methy! Thujate 


found sufficient value. The 
phenolic properties have been the main 
basis for suggested uses, and include 
applications such anti-oxidants, oil- 
well drilling muds, dispersing agents, 
and extenders modifiers for phenolic 
resins. 

The presence pyrocatechol groups 
(4) has also suggested application 
chelating agent various fields. Un- 
fortunately, these phenolic compounds 
have not been well enough physically 
vide good basis for scientific selection 
applications. Further fractionation 
and studies the type being carried 
out Gardner and Barton (4), which 
incidentally have led isolation 
what appears new compound, 
plicatic acid; would seem neces- 
sary the first step commercial 
utilization these materials. 

Consideration commercial isola- 
tion may somewhat premature 
view the above, but would seem 
best accomplished extraction with 
either solvent aqueous alkali solu- 
tions. Either would also serve sepa- 
rate the volatile oils from wood. Be- 
cause mixture materials would 
obtained such isolation methods, 
fractionation into individual compo 
nents might also desirable for com 
mercial uses. However more work 
properties and potential uses 
quired before extensive work isola- 
tion and purification fractions seems 
justified. 
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Bark 


Cedar bark has been shown con- 
tain many the same extractives 
the wood (11), and extractive content 
high. Thus, while perhaps not con- 
tributing directly improving util- 
ization cedar, bark should in- 
cluded any consideration extrac- 
tives from cedar. 


Summary 


Western red cedar pulpable 
either the kraft sulfite process, but 
yields too dark groundwork have 
any possibility for 
duction. Low wood density must 
otherwise compensated for cedar 
competitive. Bark characteristics 
complicate pulping utilization. 

Kraft pulp yields and digester pro- 
ductive capacity with cedar are lower 
than for competitive woods. Increased 
corrosion another disadvantage. Ce- 
dar kraft pulp does have superior 
properties for many uses. However, the 
value this strength limited, and 
does not compensate practice for the 
disadvantages cited. Development 
improved methods handling corro- 
sion would reduce but means 
eliminate the over-all disadvantage. 

Sulfite pulp production from cedar 
suffers from severe production pen- 
alty. Dirt, poor color, high chemical 


UTILIZING RESIDUES FROM 


usage, poor drainage, and extreme op- 
erating difficulties with any bark are 
other sulfite pulping problems. The 
slight strength and formation advan- 
tages with cedar sulfite pulp not 
nearly compensate for other disadvan- 
tages, and therefore kraft pulping 
preferred over sulfite for cedar. 

Chemical utilization cedar will 
depend finding uses for the extrac- 
tives. This must classed long- 
range approach utilization, because 
more research and development work 
needed both the methods iso- 
lation and commercial application 
the various extractives More 
extensive surveys the extractive 
content waste cedar from various 
sources also needed determine 
which the various materials would 
offer the lowest cost source 
extractives. 

Over-all, with exception corro- 
sion, kraft pulping utilization more 
dependent economic than technical 
factors, the need for research 
this area limited. chemical utili- 
zation, additional research all tech- 
nical aspects needed before any eco- 
nomic evaluation can made. 
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Western Red Cedar Mills 


Vancouver Laboratory, Forest Products 
Laboratories 


Sawdust, major mill 
residue, may briquetted 
for fuel. Pulp chips 
are important outlet, 
but digester corrosion 
limiting factor. Extracting 
chips would recover 
chemicals, reduce corrosion. 


Presented the Fall Meeting the Pacific 
Northwest Section, FPRS, Oct. 27, 1958, Van- 
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ESTERN RED CEDAR British 
Columbia reaches its optimum 
growth the coast where occurs 
far north the Naas River. 
seldom found pure stands, but usu- 
ally association with hemlock, bal- 
sam, and Douglas-fir. Because the coas- 
tal forests not lend themselves 
selective logging, cedar taken from 
the woods with fir and hemlock. the 
mature stands the south-coast for- 
ests, the cedar types make per- 
cent, and the north-coast forests 
percent, the merchantable volume. 
The latest British Columbia Forest 
Service inventory (1)* shows that, 
the sound wood accessible mature 
commercial forests, under close utiliza- 
tion standards there are billion 
cubic feet the coast which 23.4 
cedar, and 120 billion cubic 
eet the interior which 4.6 per- 
cent cedar. the interior, there are 
special problems associated with the 
harvesting cedar that will not 
discussed this paper. 


The actual log cut cedar has re- 
mained quite steady the coast the 
1955 829 million ft.b.m. and 
dropped low 603 million 
ft.b.m. 1952. The percentage the 
total cut the coast shows even less 
fluctuation, with average per- 
cent, high 22.2 percent 1948, 
and low 18.0 percent 1953. 

Western red cedar one the 
most durable softwoods. Its light 
weight, low shrinkage factor, high in- 
sulating value, soft, even texture, warm 
color, and ease working are charac- 
teristics that make this wood especially 
valuable for lumber and shingles. 
the past years, the cedar cut for 
lumber has increased from 12.2 per- 
cent 16.3 percent, and the peak 
year was 17.8 percent the total lum- 
ber produced. 


The Author: Clarke McBride holds B.A. Sc. 
from the University British Columbia forest 
engineering. After years with the B.C. Forest 
Service, joined the Vancouver Lab. 1945 
specialist. 
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this same period, western red 
cedar shingle production dropped from 
2.5 1.7 million squares per year. 


Thus the drop shingle produc- 
tion has been balanced the increase 
lumber production. 


From Roof Shingles Sidewall 
Shakes 


the post-war years, the market 
for roof shingles (16 inch) suffered 
from increased competition with as- 
phalt shingles, with the result that 
the present time only percent 
the shingle production goes into 
roofing. 


fill this gap, the red cedar 
shingle industry has done excellent 
job developing and marketing side 
wall shakes (18 inch). These are pre- 
cision squared and rebutted. They are 
marketed several refined forms such 
grooved, sanded, pre-stained and 
pre-painted. Others are assembled into 
panels various types for speed 
application. 


The sharp decrease the percent- 
age Douglas-fir lumber cut and the 
increase the cut hemlock lumber 
and pulp logs will probably asso- 
ciated with increase the cut 
cedar and other species. 


the last decade the percentage 
cedar log grades has undergone con- 
siderable change from percent No. 
percent No. and percent 
percent No. and percent No. 
1956. 


Cedar wood that soft tex- 
ture, and the characteristic splitting 
easily radial face both ad- 
desirable property the manufacture 
hand-split shakes, but when trees 
are felled rough side hills and 
logged with heavy machinery, the logs 
often end pieces with very 
serious splits and shattered areas. 
sawmills the soft texture the wood 
frequently results damaged areas, 
which must removed trimming 
and ripping. These factors affect the 
utilization cedar lumber and, 
combined with bark seams, flared 
butts, and hollow butts make cedar 
difficult species which predict the 
yield lumber obtain accurate 
scale. result, the board-foot scale 
and the cubic scale are not true meas- 
ures the wood volume log. 


Three distinct types logs are 
recognized—lumber logs, merch logs, 
and shingle logs. 


The lumber log large, usually 
grade and will produce high 
percentage clear Figures 
log grades show that the quantity 
this class log gradually decreas- 
ing. Replacing the lumber log the 
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Table 1.—LUMBER PRODUCTION SPECIES—COACT MILLS, 1948-1957 (2) 


Total 
lumber 
volume, — 
Year ft. b.m. D.-fir 
1948_ 2,037 57.8 
1949__ 2,139 59.8 
2,568 58.6 
4961... 2,499 56.4 
1952 2,224 54.7 
1953 __ 2,580 53.6 
1954_ 2,707 51.7 
2,775 49.0 
1956 2,525 46.3 
1957 2,325 43.8 


merch common log, usually grade 
No. and considerably smaller. The 
product this log tight-knotted 
cedar for which market has been de- 
veloped for knotty panelling, roof 
decking, knotty siding, and forth. 

The process manufacturing lum- 
ber from cedar logs involves much 
trimming and ripping eliminate de- 
fects and produce much high 
value, clear lumber possible (even 
from the merch logs the percentage 
clear quite significant factor). 
result the recovery low com- 
parison with other species. 

Shingle logs are usually rather large 
grade and logs that are quite rough 
and unsuitable for lumber. They will 
produce clear, straight-grained shingles 
between the knots, however. 


Sawmill Residues 


The Vancouver Laboratory the 
Forest Products Laboratories Canada 
recently measured sawmill residues be- 
tween log pond and green chain 
three sawmills that cut merch com- 
mon type cedar logs. The mills were 
the per 8-hour shift class, 
and were equipped follows: 


Band head-saw, cant-gang and 
edger and double-end trim saws. 

Band head-saw, band re-saw, 
edger and double-end trim saws. 

Double-circular head-saw, cant- 
gang, edger and double-end trim 
saws. This mill also used band 
re-saw and pony edger for re- 
manufacture miscut pieces. 


all, 163 ft.b.m. logs were 
examined; they ranged top diameter 
from inches inches. 


Shingle 

Percentage of lumber cut production 

(Thousands 

Hemlock Cedar Others squares) 
25.8 12.2 4.2 2,505 
23.4 4.6 2,781 
25.3 11.3 4.8 3,363 
27.2 12.2 4.2 3,126 
27.9 13.7 3.7 2,519 
28.1 15.2 2,638 
27.8 16.9 3.6 2,669 
29.1 17.6 4.3 2,516 
30.4 17.8 5.5 2,003 
35.2 16.3 4.7 1,695 


The residues two shingle mills 
were measured. each case the blocks 
from individual logs were directed 
one sawyer, because was difficult 
measure the residues from the whole 
operation. Logs with total net scale 
9,131 ft.b.m. were studied. 

The results obtained from measure- 
ments residues three sawmills are 
based the cubic volume the logs 
when measured sound wood content 
with deductions made only for rot 
lack wood. This was done give 
realistic value the cubic volume 
wood going into the mills. The board- 
foot scale was taken the log scale 
measured the boom. (All three mills 
bucked the logs into short logs the 


Sawdust: The total volume 
sawdust produced averaged 18.7 per- 
cent the cubic log volume, and 
amounted 44.6 cubic feet solid 
wood per ft.b.m. log scale. This 
represents 0.56 units per ft.b.m. 
940 pounds bone-dry weight per 
ft.b.m. 

The industry 1957 would there- 
fore have made approximately 175,000 
bone-dry tons cedar sawdust. 

Sawdust volumes were very similar 
spite the different methods 
cutting. The circular mill had the low- 
est percentage sawdust (17.4 per- 
cent) because considerable part 
the cut was made small timbers. 
This mill operated small cant-gang 
intermittently the class logs cut 
during the study. However, the small 
size the logs made the cubic volume 
per ft.b.m. higher than the other 
mills. The high percentage defects 
the defective log sort one mill re- 


Table 2.—SAWDUST PRODUCED FROM ONE THOUSAND BOARD FEET LOG SCALE 
(PERCENTAGES BASED CUBIC LOG VOLUME) 


Volume per ft.b.m. Log Scale 


— Av. 

Head-saw Gang-saw Edger Trim-saw Total top 

Mill —— 

No. eu. ft. cu. ft. cu. ft. cu. ft. cu. ft. 

| ees 13.2 5.4 29.1 12.1 5.0 1 0.2 0.1 47.5 19.7 0.59 15 

a 18.8 9.1 15.2! TAL 5.2 5 0.2 0.1 39.4 19.1 0.49 20 

Seer 36.6 13.6 1.2 0.4 8.8 3 0.3 0.1 46.9 17.4 0.59 12 
22.9 9.4 15.2 6.6 6.3 0.2 0.1 44.6 18.7 


cu. ft. solid wood. 
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sulted very high volume saw- 
dust per ft.b.m. 


Solid Residues: The total volume 
slabs, edgings and trims was 44.9 
cubic feet per ft.b.m. log scale, 
which was equivalent 0.6 cords 
18.3 percent the cubic volume 
wood going into the mill. 

The solid residues are shown the 
following table: 

1957 the total solid residue pro- 
duced the industry amounted 
175,000 bone-dry tons. 

the logs were barked, the poten- 
tial volume pulp chips would 
0.67 units per ft.b.m. log scale. 

Log size factor that considerably 
affects the volume solid residue, 
especially the smaller diameters. 
one mill the logs were segregated into 
size and quality groups. The better 
quality logs were cut into 5/4 boards 
for siding. The size larger groups 
averaged 15.8 inches top diameter, and 
medium group 11.9 inches top 
diameter. The difference solid 
due was 4.1 percentage points—13.7 
for the large group compared 17.8 
percent for the medium The 
relative volumes both slabs and 
edgings were higher for the smaller 
logs. 

Defective logs also yielded larger 
volume solid residues than sound 
logs comparable size—19.3 percent 
compared 13.7 percent. 

One mill with lath machine proc- 
essed percent the slabs and edg- 
ings made the sawmill 
ered percent this volume lath. 
Thus another 2.3 percent net cubic 
volume was utilized. 

Beyond the green chain further 
heavy losses occur. the planing mill, 
the volume wood lost trimming 
and ripping high. one mill the 
policy was trim, the sawmill, only 
the very obvious defects obtain 
square ends for planing and then the 
main trimming was done the plan- 
ing mill. study showed compara- 
tively heavy loss which amounted 
12.9 percent the lumber volume 
11.5 percent green boards. 
the basis log volume, this loss 


‘would the order percent. 


When manufacturing siding the 
losses vary from percent from 
trims, cut outs, and fall downs. Cedar 
producers are very conscious utiliza- 
tion, and markets have been found for 
short clears and siding down two 
feet length. 

sawmills that cut common type 
cedar logs, the recovery rough green 
lumber was found percent 
the cubic log volume. 
rimming taken into account, how- 


ever, the net lumber recovery 
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Table 3.—SOLID RESIDUE PRODUCED FROM ONE THOUSAND BOARD FEET LOG SCALE 
(PERCENTAGES BASED CUBIC LOG VOLUME) 


Volume per ft.b.m. Log Scale 


Slabwood Edgings Trimmings Total 
Mill No. cu. ft. % cu. ft. % cu. ft. % cu. ft. % Cords? 
14.1 5.7 15.9 6.4 12.1 4.8 42.1 16.9 0.56 
22.1 10.6 11.9 5.6 2.6 1.3 36.6 17.5 0.49 
14.5 5.3 27.9 10.3 13.7 5.0 56.1 20.6 0.75 
Av... . 16.9 T2 18.6 7.4 9.4 3.7 44.9 18.3 0.60 


cu. ft. solid wood. 


addition there are large quantities 
planer shavings. The thickness 
the rough lumber the deciding fac- 
tor the volume wood made into 
shavings. When rough green 
piece lumber dried and 
made into beveled siding, the 
planer shavings and sawdust amount 
27.5 percent the green volume. 


Shingle Mill Residues 


Data obtained two mills showed 
that the manufacture perfection 
shingles (18 inch) the net cubic 
volume the logs was broken down 
the following proportions: 


Percent 
Cut-off 4.9 
Knee bolter and 
Sawdust (shingle machine) . 27.9 
Total sawdust residue_ 


The shingles constitute about 2/5 
the log volume. The next largest ele- 
ment sawdust—about 1/3 the log 
volume. The greater part made 
the shingle saw, with only small 
amounts developing the cut-off saw 
the deck and the knee bolter. 

The solid residue consisted mostly 
spalts—triangular pieces usually 
about inches—and splints— 
the narrow trims from the edges the 
shingles. addition, the trims from 
the ends the logs and the wood cut 
off the knee bolter made 4.2 
percent. 

estimated that 1957 total 
million cubic feet solid wood 
was made into cedar residues the 
manufacture shingles the British 
Columbia coast. 


Bark: The stringy and tough na- 
ture cedar bark makes probelm 
the mill, where becomes 
around moving parts. Hydraulic bark- 
ers will remove successfully but 
trouble experienced with mechanical 
barkers. 

Bark was not included these resi- 
due percentages, but separate study 
showed that, for every 100 cubic feet 
wood, there are 6.9 cubic feet 
bark the logs are completely cov- 
ered with bark. figures indi- 
cated that there was only 5.3 cubic feet 


left the logs the time 
log scale basis, amounted 16.9 
cubic feet bark per ft.b.m. log 
scale there was 100 percent bark cov- 
erage, and 13.1 cubic feet per 


Utilization: the large volume 
residues produced, only small per- 
cult estimate the volumes resi- 
dues used, but some present and poten- 
tial uses are outlined the following 
paragraphs. 


Bark: The only use date for 
cedar bark has been fuel mixed with 
sawdust, shavings, and other hogged 
material. The calorific value 8,700 
Btu per pound bone-dry material 
lower than that the wood, which 
has value 9,700 Btu per pound. 

Bark fibrous nature and can 
defibred and pulped. Hardboard and 
insulating boards acceptable stand- 
ards can made from mixtures 
western red cedar bark and wood 
(4,5). 


Sawdust: Sawdust constitutes high 
percentage the residue cedar 
operation because most the lumber 
produced one-inch material. The 
only real use for this has been make 
briquettes for fuel. One lumber mill 
and one shingle mill are making bri- 
quettes dried sawdust and hogged 
material. 1956 (6), 19,000 tons 
briquettes valued $265,000 were pro- 
duced. 

Sawdust used mostly for fuel 
the mill boilers and mixed with 
hogged fuel. Some mills generate all 
the power used from cedar residues. 

Planer shavings are utilized for 
cattle bedding. 

Solid residues: Lath 
bands are used for solid residues, but 
these markets are limited. 1956 (6) 
the value lath used was $350,000, 
which cedar lath was probably 
percent. Shingle bands produced were 
valued $84,000. Fence pickets are 
another use for shorts—pieces inch 
inches feet are saved. 

Pulp chips are important outlet 
for solid material. Their use limited, 
however, because pulp mills use only 
percent for blending with 
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other pulps. Some mills not use any 
cedar because its corrosive proper- 
ties. 1957, out the 1,500,000 
units chips produced British Col- 
umbia probably percent were cedar. 
the present time the market re- 
stricted, but the cedar mills that now 
produce chips have potential 
165,000 units, about 
The value cedar chips about 
percent the hemlock chip price. 
mill without barker can expect about 
0.3 0.4 unit chips per ft.b.m. 
log scale. 

Other uses for solid residues are for 
tie plugs, cut stock for luggage, furni- 
ture, toys, and cores flush doors. 
One mill saves and 4-foot trims 
from the planing mill and sells bulk 
loads small operators that make 
lawn furniture. 

The British Columbia Research 
Council has developed process 
harden cedar make very attractive 
floor tile decorative wall panel. 

shingle mills, much residue 
used produce power and heat for 
operating purposes. However, large 
amounts are also burned the burners 
considerable expense. 

date only small percentage 
the residue utilized by-products. 
has already been stated, one com- 
pany makes briquettes, and this vol- 
umewise the largest use. this 
company the material put through 
hammer hog, dried 


Wood 


New York State University College 
Forestry Syracuse University 


Crawl-space houses require 
about 25% more lumber 

than the slab type. The 
trend toward more slabs 

the North, traditional 

basement area for climate 
reasons, seems have 

fallen off. 


University partial fulfillment the require- 
ments for Ph.D. economics. 

Research Institute. 1954. America’s 
demand for wood. 
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flash drier, and pressed into solid fuel 
briquettes. This company has further 
refined the briquettes into charcoal 
expand the volume residues utilized. 
Another charcoal plant based saw- 
dust now production. 


Minor quantities shingle hay are 
baled and used for packing nursery 
stock. 

Pulp chips can made from the 
spalts and splints, but 
found that high percentage fines 
and knots develop from this material. 
The spalts are potential source 
phenolic extractives. 


Research into the chemistry cedar 
the Vancouver Laboratory (3) 
shows that the light-colored heartwood 
butt logs contains percent 
weight water-soluble phenolic 
extractives that are potentially useful 
adhesives, anti-oxidants, drilling 
muds, and dispersing agents. Their 
gests investigation their usefulness 
metal cleaning and etching, sequest- 
ering agents, and electrolytic refining. 


the chemical extractive cedar 
can marketed commercially, the 
pulp chips are logical form from 
which extract them. This would 
have two-fold benefit, because the 
extracted chips would then less cor- 
rosive the digesters. One company 
has extracted from cedar waste make 
additive for boiler water. 


Versus Concrete 
HOUSE FOUNDATIONS 


CONSTRUCTION INDUSTRY con- 
sumes annually about three-fourths 
the total lumber output 
United States. Fifty-one percent the 
construction lumber used new 
residential construction, percent 
new non-residential construction, and 
percent maintenance and repair.* 
Because the construction industry 
the major consumer lumber, the 
trend the average volume wood 
used build dwelling unit one 
the most important indicators prob- 
able future lumber consumption. This 
factors such family income, con- 
sumer preferences for building mate- 
rials and house style, the type house 
construction, and price lumber rela- 
tive the prices competing build- 
ing materials. 


Flakeboard plants that utilize cedar 
sawmill residues are being planned. 


Conclusion 


The large volume western red 
cedar residues that result 
are deserving more research into 
possible uses. the present time, 
addition the work that being car- 
ried the Wood Chemistry Sec 
tion the Vancouver Forest Product: 
Laboratory, several the large inte 
grated companies are engaged 
search cedar. The properties thi 
wood are such that more uses are 
tain found for it, particularly 
the chemical field. 
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N 


this article, the foundation char- 


acteristics single-family houses are 


examined, and suggestions are made 
how changes material use 
foundations affect the wood 
menst the construction industry. 
Single-family houses account for 
percent all dwelling units 
rently built this country. 


House Foundations 


Three types house foundation: 
are found present-day construction 


basements, crawl spaces, and 


slabs. The crawl-space 
slab types are both classed basemeni- 
less houses. The crawl-space house 
built sills piers short distanc 


For purposes this article, the house 
dation floor joists, subflooring, 
finished flooring found conventional house 
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above the ground. The minimum dis- 
codes inches. The concrete-slab 
type has base solid concrete par- 
tially embedded the ground. non- 
wood floor covering such asphalt-tile 
vinyl-asbestos usually bonded 
the concrete surface. parts the 
South, however, hardwood flooring 
and carpets are extensively used. the 
North, hardwood flooring favored 
some the expensive slab homes. 


There very little difference 
super-structure between basement and 
crawl-space houses. Both types have 
sills, stringers, floor joists, subflooring, 
ind usually finished flooring. The main 
difference between basement and 
crawl-space houses exists below the 
ground level, and there wood con- 
sumption insignificant. 

The concrete-slab house, however, 
represents radical departure from the 
design the other two types. 
characterized the absence wood 
from the foundation, The concrete slab 
takes the place sills, stringers, floor 
joists, subflooring, and sometimes the 
finished flooring found conventional 
homes. 


Wood Requirements 


change the proportion 
houses built with any these founda- 
tions will reflected change 
average wood requirements per house. 
The nature this change may 
illustrated comparing the quantity 
wood required for the construction 
each type house. 


Some the space the basement 
utilized for certain essential house- 
hold functions such laundry and 
storage. basementless houses, the 
space for these household functions 
rooms the first floor. These rooms 
have area equal about percent 
the gross floor area the 
Thus basementless house that equiv- 
alent basement house living 
space must about percent larger 
terms floor area above ground. 
Since the volume wood consumed 
house construction varies (within 
the probable variation range 
house size) directly with this gross 
floor area, can assumed that 
crawl-space house requires, roughly, 
about percent more wood for its 


construction than does basement 
house. 


The slab house differs 
crawl-space house the absence 
wood the foundation. About per- 
cent the wood the conventional 
crawl-space house used the foun- 


asting future wood requirements. Unpublished 
loctoral thesis, Harvar University. 


FOREST PRODUCTS JOURNAL 


15 


Fig. 1.—Percentage single-family houses built during 1954 with basements. Zone 
refers the northern section United States within which most houses are built with 


basements. 


dation. Hence slab house requires 
about percent less wood than 

the basis these data, houses 
equivalent living space, but varying 
the type foundation, will vary 
average wood requirements 
cated Table 


Table WOOD REQUIRE- 
MENTS FOR EACH HOUSE TYPE 


Index wood 


Type foundation requirements 


Basement - 100 
Slab - 87 


There will, course, some re- 
gional variations this index. But 
even though only approximate, the in- 
dex leads the following conclusions: 
increase the proportion slab 
houses and decline the proportion 
houses with either basements 
crawl spaces both will result 
ments per house. increase the 
proportion crawl-space houses and 
decline the proportion either 
the other two types will result 
increase average wood requirements 
per house. 


Survey Foundation Types 


what areas the United States 
find houses with these founda- 
tion types? What are the causes the 
geographical differences types 
house foundations used? What has 
been the trend the proportion 
houses built annually with each foun- 
dation? The answers these ques- 
tions are fundamental the under- 
standing future wood re- 
dustry. 

Although there are accurate sta- 
tistics trends the proportion 


the three foundation types, the propor- 
tion basement houses seems have 
declined recent years, while the pro- 
portion slab houses increased, par- 
ticularly during the 5-year period im- 
mediately after World War 
recent study the Department 
Labor reveals that, for the United 
States whole, percent the 
single-family houses started during the 
first quarter 1955 had basements, 
percent had crawl spaces, per- 
cent had concrete slabs, and the foun- 
dations percent were unknown’. 
Comparable data state-wide basis 
are lacking. 

fill the gap the statistics, 
survey building inspectors was un- 
dertaken during 1955. questionnaire 
was sent the building inspectors 
all cities with population (1950 Cen- 
sus) 6,000 more. some the 
predominantly rural states such 
Kentucky and Mississippi, the mailing 
list included cities down popula- 
tion 3,000. Questionnaires were sent 
approximtaely 2,200 city and, addi- 
tionally, 400 township and county 
building inspectors. 

The returns from the survey, after 
the non-respondents were followed up, 
was percent. The returns from the 
cities are given Table according 
population class. The survey covered 
about percent all single-family 
houses built the United States dur- 
ing 1954. 

The building inspectors were asked 
give the percentage number 
single-family houses built during 1954 
with each foundation type, and ex- 
plain the use foundation types. The 
percentage each foundation type 

Dept. Labor. July 1956. New hous- 


ing characteristics 1955 and earlier years. 
Monthly Labor Review. 
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Table QUESTIONNAIRE 
RETURNS FROM THE CITIES 


Percentage 


Size city cities 
(1950 Census) responding 
over 100,000__ 96 
50,000 to 99,000 84 
25,000 49,000 
10,000 to 24,000__ 70 
under 10,000_ 62 


new construction each state shown 
maps the United States: base- 
ments Fig. crawl spaces Fig. 
and concrete slabs Fig. resur- 
vey building inspectors 1958 re- 
veals significant change these 
patterns. 


Survey Findings 


The survey findings depict three 
geographic zones: Zone Northern 
United States, where basement houses 
are predominant; Zone Middle 
United States, where crawl-space 
houses are most common; and Zone 
Southern United States, where con- 
crete-slab foundations predominate. 


There general agreement that the 
decline the popularity basements 
toward the South associated with 
increase average temperatures. This 
belief strongly supported the fact 
that the foundation gradient lines 
Fig. are approximately parallel 
isotherms (Fig. 4). 

Furthermore, the comparison the 
data Figs. and shows that base- 
ments decline use mostly the 
mean winter temperature range from 
about degrees. Notice, first, 
that the relatively rapid decline base- 
ments from percent percent 
the Great Plains corresponds rela- 
tively rapid increase mean winter 
temperature from about de- 
grees; the more gradual decline 
basements the North Central area 
corresponds more gradual increase 
temperature. Second, western 
Washington, where the mean winter 
temperature about degrees, the 
proportion basements percent. 
eastern Washington, where the 
mean winter temperature about 
degrees, the proportion percent. 
Finally, the percentage basements 
increases from about percent 
eastern Virginia, where the mean win- 
ter temperature about degrees, 
almost percent western Virginia, 
where the mean winter temperature 
about degrees. 


The predominance basements 
Zone appears due the eco- 
nomical and effective house heating 
made possible this type founda- 
tion. areas with mean winter tem- 
peratures less than degrees, the 
space under the floors should sealed 
from the cold outside air and kept 
warm. The plumbing also protected 
from freezing. 
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Fig. 2.—Percentage single-family houses built during 1954 with crawl spaces. Zone 
refers area the middle south within which most houses have crawl spaces. 


Basementless houses Zone that 
would maintain heating conditions 
effectively basement houses might 
thus more The concrete-slab 
foundation has met strong consumer 
resistance the Northern United 
States. 


The danger frost-heaving the 
north also militates against the use 
slabs. The edges properly built 
must set into the ground 
least down the frost line safe- 
guard the slab against cracking when 
the earth heaves. Where frost pene- 
feet, does the northern prairie 
states, slab construction would very 
expensive. 

comparatively new development 
home construction provides evidence 
the importance warm air under 
the floors cold weather. the north- 
central states, some builders are now 
marketing heated crawl space: 
vapor barrier laid over the ground 
surface keep the moisture out the 
crawl space, closable vents are 
stalled, and the plumbing not insu- 
lated against the winter temperature. 
Provision then made for circulating 
warm air into the crawl space during 
the winter months. This prevents the 
plumbing from freezing and keeps the 
cold air away from the lower floor 
surface. 


areas with winter temperatures 
above freezing—characteristic Zones 
and 3—effective house heating can 
achieved without basement. Thus, 
slab and crawl-space construction 
encouraged. 


There seem two reasons for 
the widespread use crawl-space 
houses and the limited use slab 
houses Zone First, floors, al- 


though they cause less concern here 
than Zone are still the most wide- 
spread complaint against the concrete 
slab. Concrete good heat conduc- 
tor, and the moderately cold winters 
make somewhat difficult main. 
tain good heating conditions. Fur 
thermore, water condensation 
concrete inside the house may some- 
times create unpleasant problems. The 
wood floor the crawl-space 
the other hand, apparently makes 
effective heating even though 
the floor exposed the outside 
perature from below. 


The second reason for the popularity 
the crawl-space house Zone 
that hardwood floors serve popular 
tastes and preferences better 
climates than asphalt-tile floors. In- 
cidentally, hardwood more 
than asphalt tile, and generally be- 
lieved that hardwood floors 
tiring the feet. 


Although hardwood can 
concrete, and indeed the 
highly developed, Zone this 
the consumer’s view; for the conven 
tional wood floor 
houses. 


The heating problem the slal 
house could, course, met 
stalling heated concrete slab. 
according opinions building 
heated slab somewhat higher thar 
the cost crawl-space foundation. 


The popularity slab houses 
factors. First, some areas 
Texas and California) earth move 
ments occur after dry seasons, anc 
this results numerous problems fo: 
the owner crawl-space house. Dur- 
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Fig. 3.—Percentage single-family houses built during 1954 with slab foundations. Zone 
refers the far south where most houses have slab foundations. 


ing the long dry periods, the soil has 
tendency shrink and crack. When 
rain comes, the soil around the outside 
the house becomes soaked and 
capable exerting upward pres- 
sure, while the soil under the house re- 
mains relatively dry. result, there 
tendency for the outside founda- 
tions the crawl-space house 
pushed upward while the interior 
the house remains relatively unmoved. 
Cracks then develop the walls, doors 
and windows stick, and the baseboard 
separates from the floor. the case 
the slab house, however, when earth 
movements occur the entire slab moves 
areas, therefore, consumers greatly 
favor slab foundations over crawl-space 
foundations. 

The second factor that there 
serious heating problem the warmer 


climate Zone Asphalt tile with 
its cold feeling and lack resilience 
apparently avoided many southern 
areas the installation hardwood 
floors and carpeting the concrete. 
Water condensation the concrete 
not serious problem warm 
mates. 

The third factor that accounts for 
the popularity slab houses Zone 
the danger termite damage 
the wood members the crawl-space 
foundation. 

appears, then, that although slab 
foundations entered the market very 
strongly after World War II, they have 
met with marked success only the 
extreme south. There, they made their 
gains largely the expense crawl- 
space houses; the proportion base- 
ment houses seems have held nearly 
constant. 


Fig. 4.—Average winter temperature, December February, inclusive. (From USDA 
Atlas American Agriculture, 1936.) 
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Comparisons with Stanford Study 


Are these results agreement with 
other studies. One the more recent 
studies demand for wood resi- 
dential construction was made the 
Stanford Research Institute 1954. 
Concerning house foundations, the In- 
stitute 


foundations were the slab type; 
1950, this type foundation increased 
about percent; and 1953, about 
percent all foundations were 
slab construction. Concurrent with the 
rise slab construction, full basements 
have been declining. The percent 
dwellings with crawl space has 
mained about the same since 1920. 
“Discussions with large operative build- 
ers throughout the country indicated 
that the trend slab foundations was 
largely for the sake economy 
With every effort expected made 
hold down the cost residential 
the trend toward increased use slabs 
will continue. 

for 16,595 dwelling unit starts through- 
out the country 1953 showed that 
large operative builders are installing 
about percent slab floors the pres- 
ent time. Since about percent to- 
tal residential floor space the 
ground floor, would appear entirely 
possible that about percent total 
residential floor space might slabs 
1975.” 


The findings the present study 
suggest that large builders the far 
south may well have installed per- 
cent slab floors 1953. seems ques- 
tionable, however, that such percent- 
age could representative the 
whole United States. 


There serious question, also, that 
consumers generally will switch slab 
houses simply because they are cheaper. 
Apparently, consumers Zone 
not regard the slab house satisfac- 
tory substitute for the basement house, 
and those Zone not look upon 
acceptable substitute for the 
crawl-space house. Perhaps some day 
builders will develop type foun- 
dation that relatively cheap and that 
meets with favor from consumers 
the northern and central latitudes. The 
slab foundation presently built, 
however, not this development. 


Indeed, one wonders 
even hold their own the future. 
noted earlier, percent the single- 
family houses built the first quarter 
1955 had slab foundations, while 
1953, according the Stanford Re- 
search Institute, percent all 
houses built were slabs. These data 
suggest, anything, downward 
trend. 


Stanford Research Institute. 1954, America’s 
demand for wood. 98. 
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Koppers Co., Inc., Verona Research 


Center 


INVESTIGATORS HAVE, 
the past, accepted the theory that 
subterranean termites were able at- 
tack sound, uninfected wood. Recently, 
however, there has been renewed in- 
terest the belief that before wood 
becomes susceptible subterranean 
termite attack must previously 
infected fungi. 

number studies, previously re- 
ported (1) have indicated 
mites were always associated with 
various types fungi. When moist, 
untreated wood has been exposed and 
successfully attacked subterranean 
termites, the environmental conditions 
under which was exposed would 
also make susceptible fungal at- 
tack. Thus, field studies, would 
determine whether some 
form mutualism existed between 
termites and fungi whether their 
association was due only environ- 
mental influences. Studies have shown, 
however, that termites serve vectors 
for fungi furnishing mobility for 
the fungal spores. 

the attack dry, untreated wood 
subterranean termites the insects in- 
crease the moisture content the 
wood the level that permits fungal 
infection. The excavated tunnels with- 
the wood are maintained high 
relative humidity the insect and this, 
coupled with the increased wood mois- 
ture content, furnishes favorable con- 


contributed paper received December, 
1958 


Numbers parentheses refer the Litera- 
ture Cited the end this paper. 
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Verona, Pennsylvania 


laboratory experiment utilizing aerated glass 
containers, moistened sand, and termites was 
used determine the ability eastern subter- 
ranean termites attack sound, uninfected, 
southern yellow pine sapwood. Results 
that previous infection the wood fungi 
not prerequisite for termite attack. 


ditions for the germination and subse- 
quent growth the fungal spores 
transported the termites. 

Difficulty mutualism determina- 
tion would also experienced 
oratory studies utilizing wood that had 
been exposed under normal environ- 
mental conditions. 

Additional masking factors may also 
influence termite-fungi evaluations. 
One factor among these the pres- 
ence, the insects’ intestine, fungal 
spores and hyphal fragments—previ- 
ously acquired ingesting infected 
wood, and then transmitted infect 
the wood used laboratory tests. 

The complexity the problem dic- 
tated that the following study de- 
signed only delineate the capability 
the eastern subterranean termite 
attack sound, uninfected, southern yel- 
low pine sapwood 
conditions. 


Experimental Procedure 


Test material was obtained from 
air-dry, all sapwood, southern yellow 
pine board selected for freedom from 
visible defects and excessive resin. 
Sawn strips were surfaced 
sides 34-inch square and then sev- 
ered 2-inch intervals. Ten blocks 


The Author: Lund, graduate student 
School Forestry, Duke University, 
holds BSF from Colorado State and 
from Duke. member FPRS, AWPA, 
ASTM and Sigma XI, and received National 
Lumber Manufacturers scholarship 1956 with 
ten weeks on-the-job training the TECO 
research laboratory. 
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Fig. 1.—A photomicrograph uninfected radial section from 
Block (control) unexposed subterranean termites. 


were randomly selected for the study; 
nine were vacuum impregnated with 
distilled water, and conditioned 
degrees and percent relative 
humidity, while one was retained for 
unexposed control material. The test 
blocks were placed aerated 1-pint 
glass jars block per jar) with ster- 
ilized sand containing percent mois- 
ture (distilled water). 


Subterranean termites 
mes viriginicus Banks flavipes 
Kollar} were introduced into the 
test containers and then the containers 
were placed circulating air, con- 
stant temperature and humidity cham- 
ber operated degrees and 
percent relative humidity. 


detailed description the tech- 
nique used collecting and handling 
the insects and preparing the test 
containers has been 
where (2). 


Single jars were removed from the 
chamber after 4,5,6,7,12,14,16,18, and 
days. The contents each jar were 
examined upon removal ascertain in- 
sect vigor and mortality. Test speci- 
mens were rinsed water remove 
sand particles and then examined. 
After inspection they, together with 
the unexposed control block, were in- 
dividually severed into approximate 
cubes, 34-by 34-by and then 
boiled hours water for sterilization 

Radial and tangential microtome sec- 
tions, microns thick, were cut 
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Fig. 2.—An uninfected tangential section from Block 
exposed termite attack for seven days. 


from each cube. the microtoming, 
care was taken insure obtaining 
wood sections from the immediate area 
the cube that exhibited evidence 
termite attack. The sections were 
stained with picro aniline blue, dehy- 
drated, and mounted slides. 

microscopic examination each 
slide detect fungal infection, evi- 
denced hyphae, was carried out. 
Magnifications 970 diameters 
were used the inspection. 


Results and Discussion 


Examination the contents the 
containers after removal from the con- 
stant temperature, humidity chamber 
showed that vigorous, healthy termites 
were present each test jar. Mortality, 
evidenced visible dead insects, 
had not taken place. Each block, re- 
gardless exposure period, exhibited 
termite attack. 

was noted that within hours 
after the termites were introduced into 
the jars they had ingested particles 
the pine blocks. This was determined 
observations made through the sides 
the glass containers. 

Examination the prepared slides 
demonstrated that the control block, 
unexposed subterranean termite at- 
tack, was not infected. This was evi- 
denced the absence visible 
hyphae when examined 
cally. The sections obtained from the 
block which was exposed 
attack for days were negative when 
examined for infection. Some slides 
the 5,6, and 7-day blocks exhibited 
one-to-several minute lengths 
hyphal strands (stained blue picro 
aniline), while other sections from the 
same blocks were negative. Blocks ex- 
posed for from days were 
fungus infected. This infection varied 
from light heavy, with respect 
the magnitude the stained hyphae 
within the sections. Table summar- 
izes the data obtained. 
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tion removed from Block Fig. 
photomicrograph section Block 
exhibiting numerous strands 
hyphae. 

The results presented should 
scrutinized the light possible in- 
fluencing factors. Two these are: 
Previous infection test material. 
While inspection the sections 
obtained from unexposed material did 
not indicate the presence hyphae, 
was possible that there was localized 
infection areas that were not sec- 
tioned. The presence fungal 
hyphae may not have been detected 
the exposed blocks although they were 
reported free infection. 

From examination the data 
presented Table appears that 
the blocks were, for all practical pur- 
poses, free from fungal attack until 
after days exposure. However, 
there are some investigators who feel 
that possible demonstrate the 
presence fungal mycelia virtually 
any piece wood (3). Nevertheless, 
the termite attack sound, uninfected 
wood has been recorded (4), has 
the attack wood that visually, and 
all intents and purposes, sound tim- 
ber unaffected fungi (3,5,6). 


Summary and Conclusions 


Southern yellow pine sapwood 


> 


Fig. infected radial section from Block 10, exposed 


termite attack for days. 


mites within hours after exposure 
under laboratory conditions. 
cluded from the data presented that 
subterranean termites are able attack 
wood that has not been previously in- 
fected fungi. 


These results not resolve the 
question the necessity for the pres- 
ence fungi for the prolonged sub- 
sistence subterranean termites. 
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Table 1.—THE PRESENCE FUNGAL HYPHAE TERMITE ATTACKED 
BLOCKS AFTER VARYING EXPOSURE PERIODS 
Exposure Number Evidence 
Termite Attack, Slides Fungal Infection, 
Block No. Days Examined Stained Hyphae 
0 6 Absent 
2 V 4 7 Absent 
3 F 5 6 Absent-Trace 
5 F 7 6 Absent-—Trace 
10 20 6 Moderate—-Heavy 
1. V= Reticulitermes virgincus. 
F=R. flavipes. 
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OLID WOOD CORES FOR VENEERED 
stock are made gluing strips to- 
gether, they may built from 
short blocks and then referred 
short-block cores. either case, these 
cores are not subject any appreciable 
degree warpage after gluing. The 
grain runs various directions dif- 
ferent blocks strips, and any 
magnitude warpage one direction 
offset warpage other directions 
neighboring blocks strips. 

Strips for solid wood cores are 
sometimes glued directly from the 
ripsaw. Short blocks, not readily 
ripped with complete truth, are often 
processed through molder sticker 
before they are glued together. 


Lumber Core Glue-Spreading 
Variations 


Glue spreading core strips blocks 
instances, strips veneer sal- 
vaged from scrap stock have been in- 
terleaved between courses glue 
blocks; the veneer strips are first spread 
both sides single pass that 
they function glue carriers. More 
often, however, wood strips blocks 
are glued together directly. 

occasional case where large 
volumes core blocks are handled, 
they are processed through special 
ripsaw, where they are rough ripped. 
Subsequently they are processed 
through molder sticker and 
emerging from this machine are auto- 
matically passed between the rolls 
glue spreader. Special types con- 
veyors may used carry the glue- 
spread blocks layup table. After 
preliminary arrangement this table, 
the blocks are routed into press, 
often electronic type. 


Occasionally, where core blocks are 
glue spread large volume, spreader 
has been provided with auxiliary 
equipment keep the blocks moving 
well-defined courses. This auxiliary 
equipment also functions automatically 
the gluespreader outfeed turn the 
blocks degrees, that 
their glue-spread surfaces are proper 
positional relationship for clamping 
the press. 
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Dressing Glued-up Cores 


After cores have been glued their 
proper width they must planed for 
correct thickness and provide level 
surfaces which veneers may subse- 
quently laid. All core blocks 
strips layup should have similar 
characteristics, particularly regard 
shrinkage. Otherwise, even after they 
have been preliminarily dressed, there 
may enough subsequent shrinkage 
swelling some the blocks 
strips make the joints appear the 
surface the finished material. 

Where one part core takes 
position even infinitesimally lower 
higher than another, light shining 
obliquely the finished surface gives 
bad appearance. unwise, there- 
fore, use different species wood 
the same lumber core. even 
more unwise combine plain-sawn 
and quarter-sawn material, even the 
same species. The shrinkage ratio 
always greater tangentially (in refer- 
ence the original position the 
material the log) than radially. This 
means that quarter-sawn material has 
its greatest shrinkage ratio thickness- 
wise, while plain-sawn stock shrinks 
most 

Especially where lumber cores are 
relatively wide, the planer should 
the very best condition that 
will dress the material with perfect 
truth. Otherwise, any face veneer- 
ing operation follow the press, 


putting finish veneered parts with solid lumber cores. 


any points the area cores where 
they are slightly thicker will receive 
nearly all the pressure. Any slightly 
thinner areas will robbed most 
the pressure they should have. 

Lumber cores should always 
dressed machine having good 
sharp knives. This more important 
than having the surface appear per- 
fectly smooth. Rotary knife marks may 
strongly visible dressed surfaces 
without causing any particular trouble, 
but the knives are dull there 
compressive effect which closes pores 
and other tiny interstices the dressed 
surfaces, that glue cannot penetrate 
effectively. 


Factors Affecting Sanding Practice 


Solid wood cores may may not 
cross-banded before they are face 
veneered. heavy face veneers are 
used, say thick, cross-banding 
may often omitted. thinner and 
fancier face veneers are employed, 
cross-banding should precede laying 
face veneers, Where thick veneers are 
used, material may drum sanded be- 
fore sent the automatic stroke 
other belt sander. Where face ve- 
neers are thin, better all 
smoothing belt sander. The auto- 
matic-stroke machine (illustrated) 
perfectly adapted putting the final 
whether they have have not been 
through drum sander preliminarily. 
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Mattison automatic stroke sander the United Furniture Corporation plant Lexington, C., 


Cut-away View Dryer and Furnace 


High Temperature Drying Chips 


Harry Rappin 


Miller Hofft, Inc. 
Richmond, Virginia 


DRYER most commonly used 
high temperature drying the di- 
rect fired, rotary drum type which 
the material dried air conveyed 
through the dryer flue gases and 
excess air. The dryer consists 
cylindrical, single pass, refractory lined 
furnace which the combustion cham- 
ber for the oil gas fired burners; 
three pass cylindrical rotating drum; 
exhaust fan which pulls the gases 
through the furnace and drum; and 
cyclone collector separate the gases 
and dried material. The hot gases pass 
directly from the furnace outlet into 
the center tube the drum vel- 
ocity, about 4000 fpm, 
ward the furnace through middle 
annulus about 2000 fpm and thence 
through the peripheral 
about 1000 fpm. the outlet where 
the velocity again attains about 4000 

Gas temperatures the furnace out- 
let where the wood chips enter the gas 


The Author: Raddin 
University, did graduate 


echnology, and received his 
Chemical Engineerin 
rom Stevens Institute 
echnology. 

Hofft, Inc. 
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Drying wood particles such flakes, shavings, 
splinters, and chips the size pulp chips can 
efficiently accomplished Temperature 
This paper gives ways and means which one gallon 
oil dries about 190 pounds wood from percent M.C. 
percent, with little degradation the wood. 


stream will reach maximum 1800° 
under conditions 70% moisture 
content and higher. (All moisture con- 
tent percentage are expressed the 
wet basis; e.g., per cent means 
Ibs. water per dry wood.) 
Normally with wood 40-50% M.C., 
the inlet gas temperature will be- 
tween 700 and 1200° The outlet gas 
temperature will for 
flakes and shavings and 
for pulp chips. all cases, the mois- 
ture content the particles leaving the 
dryer regulated the outlet tem- 
perature the gases through regu- 
lator which modulates the oil gas 
burner. 


The principle flash drying used 
this type dryer. Light weight 
particles are air conveyed through the 
dryer matter few seconds. 
Heavy particles will air convey the 
high temperature and high velocity 
channels the dryer but will begin 
drop out the gas stream the velo- 
city diminishes. They are then lifted 
the flights within the rotating drum 
and dropped into the gas stream again 
and again, each time advancing dis- 
tance along the drum axis dictated 


Photographs accompanying this paper are 
courtesy Arnold Dryer Co. 


This paper was prepared for presentation 
the meeting the Sec- 
tion the Forest Products Research Society, 
Charlotte, North Carolina, November 6-7, 1958. 


the particle weight which decreases 
drying occurs and gas velocity de- 
creases. The heavy particles may take 
minutes travel through the 
dryer. 

The easily dried particles pass 
through the hot gases quickly while 
those thicker section and more 
cult dry are subjected the gra- 
dient temperatures for longer period. 
Because this unique method re- 
lating time, temperature and wood 
mass, the temperature the dried 
wood leaving the dryer does not ex- 
ceed this respect, the 
method could termed tem- 
perature drying.” 

Degradation the wood does not 
occur this type drying. The dry- 
ing action occurs low wood tempera- 
tures and the flashing moisture 
rapid that there casehardening 
even the larger pulp chips apparent 
fiber weakening. 

combustion the fuel oil 
can produce oil film the wood 
particles. Operation too high 
exit temperature can produce charring 
the wood, fine particles 
that are mixed with large particles. 
These degrading results are readily ap- 
parent and can rapidly corrected 
easy adjustment. 

With standard fire controls and 
safety devices the furnace there 
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little fire hazard. The ignition tempera- 
ture wood very indeterminate 
value depending moisture content, 
wood mass, temperature heat source 
and time subjected the heat. 

For example, wood will char 
placed hot steam pipe for long 
period time but also can placed 
high temperature atmosphere for 
short period time and not char. 
High temperature drying for short 
time the basic principle 
used this method drying which 
prevents charring and burning. 

However, meet the contingency 
human error and mechanical failure, 
means should always provided 
divert the dried product the dryer 
discharge away from the succeeding 
conveyors prevent spread fire 
reject badly degraded wood 
ticles. 

The overall thermal efficiency this 
drying method percent; 
about one-half the theoretical heat con- 
tent the fuel used evaporate 
water. The rest the heat content 
used heat the air, water vapor and 
wood and overcome radiation losses. 
Expressed other terms: one gallon 
oil (150,000 BTU) will dry about 


Table No. 


Combination. 


1.—TYPICAL DRYER RATINGS 
POUNDS PER HOUR 


190 Ibs. wood percent 
percent 

Two important factors must con- 
sidered when selecting dryer for 
specific duty: Evaporation Rating. 
Material Handling Capacity. 

most instances, when drying 
wood particles, the material handling 
capacity the limiting and deciding 
factor which dictates the dryer. size. 
Since the bulk density the particles 
will range from Ibs./cu. ft. 
special attention must 
given the air handling system such 
fan speed, duct length and air 
volume. the dryer can handle the 
required quantity dried material, the 
rate water evaporation then 
checked make sure that does not 
exceed the maximum rate. 

seems obvious that 
tions cannot exceeded but 
common inclination make selec- 
tion based the evaporation rate and 
ignore the material handling limitation 
since the latter peculiar this type 
drying operation, The evaporation 
rate must not based average 
moisture content the green wood 
but the maximum moisture content 
which will encountered over all sea- 


Table No. 2.—TYPICAL OPERATING DATA 


Dual Installation Showing Drums and Temperature Controllers. 


sons the year. maximum 50% 
M.C. has been found good de- 
sign estimated for green pulpwood and 
sawmill waste. 

The relation evaporating capacity 
and material handling capacity more 
clearly shown Table No. which 
gives the operating conditions sev- 
eral installations. Referring 
dryer ratings Table No. Dryer 
nearly the material 
handling rating the dryer (4800 
vs. but the evaporation 
rate 3960 well below the 
maximum evaporation rate. 

Dryer and are drying flakes 
low moisture content and consequently 
have low evaporation rate and high 
material handling rates. Dryer 
exceeding the material 
ing (10,200 vs. 7500) 36%. Par- 
ticle size and relatively high bulk den- 
sity have made possible exceed 
the rating. Evaporation, however, 
only 37% rating. Dryers and 
are examples units operating only 
two-thirds rating choice rather 
than necessity. each case, how- 
ever, the next smaller units have 
rating and could not 
used, 


Inlet Outlet Wet Dry 
Pulp Chips Shavings and Flakes Dryer Type Wood Particles Temp. °F. Temp.°F. Product Product 

Evaporation Water Water Falkes 1120 225 

Dryer Size Rate— #/Hr. Evap. 7’, MLC. Evap. 74 MR. E Gum Pulp Chips 800 380 53 7 


1 2,000 1,820 2,120 1,720 2,000 Dry Fuel Evaporation 
5,000 4,550 5,300 4,300 5,000 Dryer Product Pressure Rate 
3 7.500 6.820 7.950 6.450 7.500 Dryer ize Lbs./Hr Fue psig Lbs./Hr. 
4 15,000 13,640 15,900 12,900 15,000 A 2 4800 Oil 60 3960 
B 2 250 Oil 55 1900 
10200 Oil 2800 
D 4 10000 Gas 5 9800 
E 2 3440 Oil 50 3260 
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Granulated Wood Molding 


THE INDUSTRY: PAST, PRESENT, FUTURE 


RANULATED WOOD MOLDING 

basically process which refined 
wood particles are intimately mixed 
with synthetic resins and the resulting 
blend molded with heat and pressure 
form thermoset shaped articles. The 
resulting product different from 
wood particle board that does not 
involve flat panels, and 
molding that, unlike thermosetting 
molding compounds, the 
ticles retain their identity the fin- 
ished piece which may painted, plas- 
tic sheet covered, molded with pig- 
ment incorporated and used is. 


Industry History 

Granuplast molding had its incep- 
tion little over eleven years ago with 
its application the toilet seat pro- 
ducing industry. The cutting and rout- 
ing toilet seats from edge glued 
lumber blanks was wasting large pro- 
portion wood and involving con- 
siderable labor. the product could 
molded from wood particles. less 
labor would involved shaping the 
seat and less waste would result. The 
production granulated wood 
molded toilet seat appeared 1945! 
made from coarse chips 
resin and was merely core. The first 


Midyette, 1957. Wood mold- 
ing. For. Prod. Res. Soc. (1): 1-6 


contributed paper (May, 1958) presented 
the Nt. Northeast, Ea. Can., and ASME Meet- 
ing at Syracuse, March 30—Apr. 1, 1958. 
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Monsanto Chemical Company 
Springfield, Massachusetts 


eleven-year-old industry 
levels off after rapid 
expansion. Additional 

research, new designs, may 
provide the impetus for 

another period growth. 


paintable molding was made 1947. 

With only moderate periodic design 
changes and large volume applica- 
tion, production costs proved 
significantly lower than for solid wood 
seats. Toilet seat producers quickly 
converted granulated wood molding, 
and new seat producers selected the 
process. Resin suppliers developed re- 
sins specifically for this molding, with 
steady improvements cure times, 
efficiencies, and molded physical prop- 
erties. Wood particle suppliers made 
available wood flour highly refined 
particle range and moisture content. 
The molders improved mold design 
and molding and finishing techniques. 
Paint suppliers provided surface coat- 
ing formulations specifically for gran- 
ulated wood moldings. 

These improvements technology, 
the production cost advantage over 
wooden seats, plus the heavy demand 
for seats during the post-war building 
boom, caused the rapid initial expan- 
sion granuplast molding. was 
only natural that early enthusiasm was 


high and that other products should 
make use this new material. Some 
these products have 
others proved misapplications, 
while others could not compete with 
still newer materials. 


Among these earlier applications, 
some which have stood the test 
time, are bowling and croquet balls, 
shuffleboard discs, shoe heels, instru- 
ment bases, dishes and salad bowls, 
lazy susans, furniture components, 
paper. roll plugs, hamper tops, brush 
backs, toys and casket tops. Although 
none these applications approached 
toilet seats volume, they added 
the initial expansion granulated 
wood molding. 

Reference Table will show that 
toilet seats are still the dominant prod- 
uct using wood molding, followed 
furniture components. All other prod- 
ucts combined only slightly exceed the 
volume application the second most 
important product. The factors causing 
the recent leveling off the granuplast 
industry expansion can therefore ex- 
plained terms seats and furniture 
components. 

The conversion from solid wooden 
granulated wood toilet seats has 
proceeded completion and only 
very few solid wooden seats are still 
produced. The contribution made 
the growth this conver- 
sion has been completed. This fact and 
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Table 1.—GRANULATED WOOD RESIN 
CONSUMPTION RESIN TYPE, 1957 


Percentage of 


Total Resin 
Resin Consumption 
Phenolic _ - 76.6 
Melamine _ 12.8 
0.9 
Miscellaneous! __ 9.7 
100.0 


1Includes melamine-urea, liquid urea (solids basis) 
and amino phenolic. 


the recent decrease new home starts, 
softening the demand for toilet seats, 
are two major reasons for the present 
near-level growth rate the gran- 
ulated wood molding industry. 

Furniture components such chair 
backs and seats and school desk tops 
have been molded for over two years 
and are becoming increasingly impor- 
tant. However, because the rela- 
tively low flow properties granuplast 
blends, the more complex the part 
geometry the more difficult the mold- 
ing problem, and only few molders 
have solved the problems with respect 
furniture components. 

Acceptance the furniture industry 
has been slow. Wood has been tradi- 
tionally used for many years and 
particularly well suited situations 
where style changes. Mold 
tion must faced, however, and 
successfully being handled, must 
be, since low cost tooling for molding 
cannot forseen. 

All the other current granulated 
wood applications listed Table 
appear have reached their maximum 
usage and have little overall affect 
the industry. 


Present Status 


There are currently granulated 
wood molders the United States, 
two Canada, and one South 
America, The United States producers 
1957 consumed about million 
pounds wood the equivalent 
approximately million board feet 
lumber; slightly over half being 
softwoods with the remainder mostly 
birch and maple. Powdered resins are 
largely used because the fine mesh 
wood particles employed the proc- 
ess. The types resins employed 
(Table include phenolic, melamine, 
urea powder, urea liquid, melamine- 
ureas, and amino modified phenolics. 

The granulated wood molding in- 
dustry not highly integrated; molders 
purchase their wood flour and resins 
bulk and employ manufacturers’ 
representatives sell their products. 
Only six the molders manufac- 
ture their own wood flour and these 
six only one controls the process from 
wood scrap supply consumer sales. 
The products produced 
plast 1957 and the relative impor- 
tance each according their por- 
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tion the total resin consumed are 
shown Table 

What are the physical characteristics 
this material which last year con- 
sumed million pounds wood? 
Variables such resin type and con- 
tent, wood species, particle size and 
shape, molded specific gravity 
combine each plant yield end 
product properties which are not exact 
for all applications. Specific gravities 
from 0.7 1.3 and resin contents 
from percent percent create 
range physical properties that 
greater value cite few specific 
examples. 

The physical properties two pro- 
duction and one experimental molding 
are listed Table well com- 
parable properties for maple lumber 
and general purpose phenolic molding 
compound. may seen that the 
moldings can tailor-made through 
specific gravity and resin content 
superior wood most properties 
except weight and strength wood 
along the grain. interesting note 
that granuplast molding consumes 
more wood than the wooden product 
displaces, having higher specific 
gravity. 

Advantages 


Granulated wood molding has dem- 
onstrated advantages which, prop- 
exploited, will lead new appli- 
cations. One these advantages 
low cost. The raw material costs 
molded cubic foot granuplast, 
percent phenolic resin and 0.9 specific 
gravity will about $3.40 approxi- 
mately equal the price cubic 
foot rough birch lumber. Therefore 
when compared with wood 
the economic advantage will based 
reduced labor costs produce 
given part. over percent the 
wood has cut away woodwork- 
ing, molding will lower cost 
than for the solid wood product. 

number general purpose phen- 
olic molding compound applications 
using granulated wood have shown 
lower end product costs. While the 
raw material costs molded cubic 
foot granulated wood are about 
$3.40, they are about $19.00 when 
general purpose phenolic molding 
compound employed. must 
recognized, however, that cure cycles 


TABLE RESIN CONSUMP- 
TION PRODUCT TYPE 


Percentage of 
Total Resin 


Product Consumption 

73.0 
Furniture Components-_ - 13.0 
Croquet Balls___ 3.4 
Lazy 3.1 
Bowling Balls____ By 
Paper Roll Plugs_- 0.5 
0.3 

100.0 


are longer and physical properties are 
less favorable. 

second advantage comparison 
with wood considerable reduction 
waste. third advantage that cer- 
tain physical properties such hard- 
ness and dimensional stability are im- 
proved although the beauty 
grain lost. Advantages pigmented 
melamine granulated wood moldings 
over plastic laminates include molded 
rather banded edge, greater 
color depth, and superior durability. 
Nicks and scratches are easily buffed 
from melamine moldings. 


Future Outlook 


the future may expect in- 
creased usage the furniture indus- 
try, particularly institutional furni- 
ture where volume high constant 
design parts. New applications will ap- 
pear when research molding tech- 
niques makes possible greater variety 
shapes and designs. Data needed 
physical properties beyond those 
required for toilet seats and mold- 
ing characteristics and physical prop- 
erties specific gravities the range 
phenolic molding compounds. 


Summary 


The technology granulated wood 
molding, including resins, 
ticles, and molding techniques, has 
steadily improved. Applications have 
demonstrated economy and quality 
diverse product areas. general, exist- 
ing product areas have been well ex- 
ploited and new applications are 
needed for further expansion the 
industry. Further improved technology 
will make possible employ the ad- 
vantages offered granuplast new 
products which will cause resump- 
tion the last growth. 


Table 3.—PHYSICAL PROPERTIES TWO GRANULATED WOOD MOLDINGS, SOLID WOOD, 
AND GENERAL PURPOSE PHENOLIC MOLDING COMPOUNDS 


Specific Modulus Hour Hardness Screw 

Gravity Rupture Absorpt Rockwell Pull 
Molding 0.90 3300 psi 6.0% 350 Ibs. 
Molding 7000 psi 8.2% 
Molding 1.05 7500 psi 3.5% 110 600 
Hard Maple 0.68 15800 psi 19.4% Too Soft 473 


Molding 


psi 


Measure 


0.3-1.0% 110-120 


_Molding A—Toilet Seat Cover. Molding B—Lazy Susan. Molding C-—Experimental Molding with 
Resin Rich Surface. Molding compound values and specific gravity and flexural strength hard maple; 
values as published. All other values taken from laboratory data. 
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FAO Conference Wood Technology 


organization that has been taking 
increasing role leadership 
worldwide forestry and forest products 
activities, relatively little has been pub- 
lished the United States about its 
program work. This the Food 
and Agriculture Organization the 
United Nations, which now has mem- 
bership some countries. in- 
teresting note that forestry thus 
recognized this unit basic part 
agriculture, and that forest products 
are recognized basic part for- 
estry worldwide basis. 

The Forestry and Forest Products 
Branch the Food and Agriculture 
Organization the United Nations 
has organized two technical panels 
the field forest products—one deal- 
ing with wood chemistry and the other 
with wood technology. The function 
the FAO Conference Wood Tech- 
nology concerned broadly with the 
problem making our forest supplies 
further and serve mankind better. 
The program includes among member 
nations the interchange technical in- 
formation and research findings, the 
unification far practicable re- 
search methods, and the development 
improved practices that lead im- 
proved and more efficient conversion 
and utilization the forest crop. 

the years since the Conference 
Wood Technology was organized, 
there have been five international meet- 
ings. The technical work the Con- 
ference handled eight working 
parties, which represent different areas 
subject matter the forest products 
field. Through the various meetings 
much has been accomplished the ex- 
change information and unification 


The Author: Mark- 
wardt, until Oct. 1959, 
Assistant Director, U. S. 
Forest Products Labora- 
tory, Madison, Wis. Con- 
sultant; world-authority in 
field timber mechanics. 
President of A.S.T.M., 
1959; currently chairman 
its committee D!7 
wood. Author of over 100 
articles. B.S. in Civil En- 
gineering, Wis- 
consin. 
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The FAO Conference Wood 
Technology One the 
Effective Units Involved 

Interchange Technical Infor- 
mation, Encouragement 
Technical Assistance, and 

Unification Research Prac- 

tises Help Achieve World- 

Wide Comparability 
Research Results and Findings 


test methods. The last FAO Confer- 
ence Wood Technology was held 
Madrid, Spain, 1958 with dele- 
gates from countries attendance. 
Attendance from the United States in- 
cluded Alan Freas, Assistant Di- 
rector the Forest Products Labora- 
tory, delegate and Professor 
Wangaard, Yale University, 
server. 

The principal accomplishments and 
progress are achieved through review 
and discussion the results interim 
studies and reports the eight stand- 
ing working parties the conference. 
The following brief review the 
subject matter covered 
taken the Madrid meeting. 


Testing Methods for Working 
Party Fiberboard and Particle 
Board: Five test procedures for evalu- 
ating the physical 
properties fiberboard particle 
board were approved: the hardness 
test, including the Janka 
method, the Monnin test method, and 
the steel ball test method; the nailhead 
pullthrough test; compression perpen- 
dicular faces and recovery test; di- 
mensional stability under different rela- 
tive humidity exposures; and durability 
tests fiberboard for interior use. 
FAO has now approved series 
some fifteen physical and mechanical 
tests for fiberboard and particle board. 
These are most details similar 
those adopted the American Society 
for Testing Materials. Detailed proce- 
dures were presented for additional 


tests, ranging from screw withdrawal 
abrasion resistance. 

preliminary meeting differences 
end uses fiberboards and particle 
boards were brought out, and from 
this the necessity for some differences 
testing methods. The Conference 
agreed the Working Party should 
divided into two sub groups, one 
fiberboards and the other 
board. 


Working Party Testing 
Mechanical Properties 
Timber 


Selection Test Material: The 
Conference reaffirmed the importance 
selection test material for the 
evaluation physical and mechanical 
properties, with particular considera- 
tion taking the fullest advantages 
modern concepts recognized sta- 
tistical methods. The Conference rec- 
ommended that information avail- 
able sampling techniques and detailed 
procedures for sampling collected 
and reported for study the next 
Conference. 


Conditioning and Seasoning: The 
Conference the previous 
agreements regarding conditioning 
test specimens. Recommendations with 
respect seasoning provide for con- 
ditioning nearly percent mois- 
ture content possible without de- 
fining the specific procedure for accom- 
plishing this. 

Shear Parallel Grain, Torsion 
and Modulus Rigidity: Although 
shear test methods have been under 
study for many years there still 
need for simple and effective test 
providing reliable shear test results 
free from influences 
stress concentrations. 

has long been recognized that the 
notched shear specimen now employed 
some standards undesirable 
stress concentration. However, report 
presented the Conference giving re- 
sults tests comparing the standard 
block shear test method and the more 
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accurate panel shear test method 
showed remarkable agreement 
shear strength values obtained the 
two procedures. 

was agreed that 
methods should included for the 
evaluation shear strength and mod- 
ulus rigidity. The plate shear test 
method described for plywood can 
timber. Where necessary the appropri- 
ate size specimen can obtained 
edge-gluing. 


Tension Perpendicular Grain: 
While detailed requirements for large 
size tension perpendicular grain 
specimens have already 
lished number laboratories, 
there remains the problem develop- 
ing simple specimen without stress 
concentrations that can fabricated 
from material the smaller cross sec- 
tions employed for standard strength 
studies. 


Compression Perpendicular 
Grain: Considerable discussion was 
given compression perpendicular 
grain tests. was recommended that 
the Working Party prepare test proce- 
dures for compression perpendicular 
grain test employing cube rec- 
tangular specimen which the load 
applied the entire surface. Con- 
sideration should also given the 
so-called test which the 
load applied only central por- 
specimen. 


Impact Bending: Recommendations 
previous conferences were noted 
with respect certain impact bending 
methods, namely the Monnin and the 
toughness machine pendulum tests and 
the vertical drop test. 
The results extensive tests com- 
pare the Monnin impact the 
toughness test method were presented. 


Hardness: addition the exten- 
sively used Janka and Monnin meth- 
ods number other procedures have 
been suggested: the falling ball test, 
method using cone, and others. 
The Conference recommended 
correlation different methods 
undertaken and reported the next 
Conference. 


Abrasion Test Methods: Recom- 
mendations for 
tion abrasion tests are required. Ex- 
change information will value 
for those laboratories interested the 
abrasion properties wood. 


Structural Problems: The Confer- 
ence recognized that prominence should 
given structural problems. 
Among such urgent problems are test 
Among tuch urgent problems are tests 
timber structural sizes and long 
term loading effects timber. 
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Working Party Testing Methods 
for Veneer, Plywood and Other 
Glued Veneer Constructions 


Most the comments and recom- 
mendations concerning Testing Meth- 
ods for Veneer, Plywood and Other 
Glued Veneer Constructions relate 
modifications refinements the 
major tests agreed upon the Third 
Conference. 


Static Bending: Provisions the 
specifications regards static bending 
tests could improved with respect 
span-depth ratio and rate load- 
ing Agreement was 
reached the modification part 
the relevant clause (5.1 page the 
Third Conference Report) the 
specification follows: 

span shall times the net 
thickness the plywood measured 
between the outer fibres the exter- 
nal veneers having their grain parallel 
the span. For plywood tested per- 
pendicular the grain the net thick- 
ness shall equal the total thick- 
ness less the combined thickness 
the face 


Hardness: The hardness penetration 
test was recognized the Conference 
valuable method for evaluating 
the hardness improved woods and 
other veneer constructions very 
high density. Before recommending its 
adoption, however, additional 
alternative test for these materials, 
was agreed that further study should 
made, particularly with respect 
the relative merits the ball and 
cylinder methods. 


Panel Shear: The methods specified 
for measuring panel shear 
limitations regards the measurement 
the modulus rigidity were dis- 
cussed. 


Plywood Glue Shear: Various sug- 
gestions were put forward concerning 
the plywood glue shear test. Recom- 
mendations for the provisions cor- 
rection factors for both core thickness 
3-ply construction and for speed 
testing were examined the Confer- 
ence. was agreed that change 
should made; these recommenda- 
tions should, however, studied. The 
method for this property should 
examined. 


Application Test Data Struc- 
tural Plywood and the Derivation 
Design Stresses: Considerable discus- 
sion took place this special item 
concerning application test data 
the derivation design stresses. This 
problem greatest importance and 
extremely complex. The Working 
Party continue its study and ob- 
tain far possible all existing data 
and information the application 


the test data design, and report its 
progress the next conference. 


Working Party Structural 
Grading 


Strength Data: The Third FAO 
Conferénce Wood Technology rec- 
ommended the consideration 
strength and stress levels, preferably 
Such series was presented 
the Conference for consideration. 
The Conference recommended the use 
the series strength and_ stress 
levels presented. 


Factors Affecting Strength: The 
principles structural grading involve 
knowledge the effect natural 
characteristics and various defects 
strength and the interpretation 
strength grade strength Such 
characteristics are, for example, knots, 
cross grain and checks. was recom- 
mended that further studies made 
their influence strength proper- 
ties permit far practicable 
closer grading for strength, thus per- 
mitting higher strength and more 
uniform quality within grade. 

Control Tests: some countries 
the rules structural grading systems 
are applied establishing the accept- 
able quality for design without further 
testing. However, others 
tween countries, control tests are re- 
quired from time time check the 
quality established for the minimum 
requirements the grade. For this 
purpose, methods conducting tests 
structural timber are required. 


Grading Rules and Their Relation 
End Use and Size Timber: 
The best utilization timber for 
strength uses can obtained estab- 
lishing special grades for the various 
typical uses. thus possible se- 
timbers especially high bending 
strength for beams; high compres- 
sion strength for posts; and with high 
tensile and compression strength for 
other structural elements. However, 
obvious that such grading for 
specific end uses increases the com- 
plexity structural grading. 


Future Activities the Working 
Party: considering further improve- 
ment structural grading, the Work- 
ing Party should continue its study 


The effect knots and cross 
grain and other characteristics 
strength 

sible, methods measuring such 
characteristics and interpreting them 
terms their effect strength 

The development non-destruc- 
tive methods and techniques for more 
strength structural wood 


SEPTEMBER, 1959 


each piece timber can classified 
and used near possible its full 
potential design level 

The unification far possible 
methods testing structural tim- 
bers 

The interpretation ultimate 
strength terms statistical factors, 
and where applicable, the development 
basic stresses, considering pertinent 
duration stress and factor safety 

Information structural timber 
practice should collected 
sented the next conference 


Working Party Sawing 
and Machining 


recent years the ever-increasing 
value timber has made mandatory 
effect savings conversion costs 
and reduce waste the sawing and 
machining operations. Considerable 
changes have already been effected 
result research, and the Confer- 
ence noted the continued emphasis be- 
ing placed this subject labora- 
tories working this field. 

Laboratories presently working with 
some type pendulum dynamometer 
sawing studies were encouraged 
the Conference join cooperative 
research study aimed ascertaining 
the differences, any, which exist be- 
tween the various dynamometer devices 
now 

The Working Party plans con- 
tinue the study the methods for 
evaluating machinability wood. Lab- 
oratories equipped work 
field were urged coordinate their 
efforts attain uniform system for 
this purpose. this connection the 
U.S.F.P.L. Report No. 2108, “Devel- 
opment Methods for Evaluating the 
Machining Qualities Wood and 
Wood-Base which has now 
been adopted new ASTM Stand- 
ard was recommended for study. 

The results the survey the 
sawing and machining different 
woods reported the Swedish F.P.L. 
revealed wide range cutting prac- 
tices, even the same species 
wood. This undoubtedly due part 
the large number factors that in- 
fluence the quality cutting. 


Fire Test Methods 


Because the importance fire 
ratings with respect the use cer- 
tain forest products, such 
boards, the FAO has established spe- 
cial Working Party Fire Test Meth- 
ods for Wood and Wood-Base Mate- 
This Working Party would re- 
view the availability and features 
different test methods with the object 
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obtaining improved recognition for 
certain the most promising proce- 
dures. 

Included with the reports furnished 
the Conference was FPL Report No. 
2097, Tunnel Fire Test for 
Measuring Surface 
Bruce and 

Specialists from fire research organ- 
izations Europe were invited 
present papers. The Conference recom- 
mended close cooperation with other 
international organizations working 
the field fire testing. was agreed 
that was premature consider the 
formulation international stand- 
ard test for reaction fire. 


Working Party Physical 
Properties Wood and 
Wood-Base Materials 


The Working Party 
Properties relatively new, and 
specific methods have yet 
pared for consideration. The scope 
work includes sorption, shrinking and 
swelling, thermal conductivity and dif- 
fusivity, dielectric properties, rheology, 
and seasoning. bibliography 
erature concerning physical properties 
wood and their testing methods 
made basis for developing 
specific procedures. 


Working Party Classification 
Wood-Base Materials 


The Working Party Classification 
Wood-Base Materials relatively 
new and has yet not developed any 
One the German stand- 
ards deals with classification, employ- 
ing numerical symbols based 
decimal system classification with 
numbers for the wood materials, the 
binding agents, chemical additives, 
preservatives, and wood species. The 
discussion brought out 
difficulties and reservations, such 
the problem keeping the classifica- 
tion date, the use complex 
binding agents, and 
nomenclature. 


Other Subjects 


International Association Wood 
Technologists: Attention was called 
the problem confronting each or- 
ganization keeping abreast 
search programs other laboratories 
working the field forest products, 
the increasing difficulty obtaining 
current information results obtained 
different sources, and the problem 
tional basis the large and expand- 
ing volume literature. Even the best 
organized laboratories and documenta- 


tion centers may thus Pass over sources 
valuable information, with the re- 
sult that researchers risk wasting time 
experiments that are duplication 
time and effort. 

meet these problems Interna- 
tional Association Forest Products 
Research Laboratories and Documenta- 
tion Centers, under the sponsorship 
FAO, has been proposed. 

the Madrid Conference special 
meeting the Working Party chair- 
men was convened discuss the pos- 
sibilities developing organization 
some extent paralleling the purpose 
and functions the Forest Products 
Research Society. The purpose gen- 
eral would the exchange infor- 
mation and the encouragement and 
promotion, though not the supervision, 
research. scope the subject mat- 
forest products, from logging end 
use. 

With respect finances, various 
possibilities were considered. was 
generally agreed that membership fees 
and income from publicity 
ices would provide the best basis 
that minimum budget $20,000 
$30,000 would required inaug- 
urate the organization. considering 
various types membership, was 
agreed that qualifications should not 
too restrictive. Three possible cate- 
gories mentioned were active members, 
associate members, sustaining 
members. 

Mr. Glesinger indicated that was 
prepared recommend the Direc- 
funds set aside underwrite the 
cost executive secretary for 
limited time pending the formal or- 
ganization. was voted establish 
steering committee 12, with 
the thought that would meet some 
future date work out and develop 
complete plans for the new Society. 

Overall Appraisal: Very substan- 
tial progress has been made the in- 
ternational interchange 
material, and international agree- 
ments methods testing wood 
and wood-base materials and products 
properties. Through 
tion possible bring the Con- 
ference the background the exten- 
sive results and experience the 
Laboratory, including methods test, 
improved practices, and research pro- 
cedures, and through this effort obtain 
international review and consideration 
these viewpoints and practices. 
the same time the Conferences have 
from the extensive experience and re- 
sults others the same field. 
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WOOD—STORING AND HANDLING 


Lehela, Eero. Sorting and storing 
saw logs. Paperi Puu 41, no. 101-5, 
107-9 (March, 1959. Finnish; English 
summary 

Various methods, machine equipment, 
and economic features sorting, storing, 
loading, and handling logs are described, 
together with their advantages (man- 
power savings, independence weather 
conditions, higher bark-fuel value, faster 
inspection and delivery, and reduced sink- 
age losses). tables and figures. 


Wibstad, Kjell. Wood transport from 
forest mill. Norsk Skogind. 13, no. 
71-7 March, 1959). Norwegian; Eng- 
lish 

The annual transport logs and pulp- 
wood Norway approx. 525 million 
tons/km. and represents 25% all road 
transport. Waterways account for 70%, 
railways for 20%, and trucks for 10% 
the wood transport, the first two being 
most important for long-distance 
last for short-distance hauling. Roughly 
50% the annual lumber output Nor- 
way transported trucks, usually 
equipped with trailer and winch crane. 
The Norwegian railroads have con- 
structed cranes 15-ton capacity cen- 
trally located stations about km. apart 


for convenient reloading from truck 
freight car. The average ciculation time 
pulpwood Norway 1.5-2.0 yr., 
efforts being made shorten this time 
interval. table and figures. 


WOOD WASTE 


Muller, Werner Design wood- 
powder plant. Holz Roh- Werkstoff 17, 
no. 102-14 (March, 1959). [In Ger- 
man; English 

Since woodmeal wood powder finds 
widespread application filler and pig- 
ment extender for molded plastics, the 
author presents plans for the design 
wood-powder plant with 
capacity 85000 annual tons wood 
powder (from sawdust and planer shav- 
ings) three work shifts, along with 
economic, power, and technical operating 
data. table, figures, and references. 


PARTICLE BOARD 


Klauditz, Wilhelm. Scientific, technical, 
and economic principles wood-particle 
board manufacture. Kunststoffe 49, no. 
158-65 (April, 1959). [In German] 

The flat-press method and the extru- 
sion-press method (continuous Kreibaum 
process) molding wood-particle boards 
are reviewed, and the history, develop- 
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ment, and present economic status the 
German particle-board industry are out- 
lined. tables, figures, and refer- 
ences. 

BARK 


Marian, E., and Wissing, The util- 
ization bark. Part The utilization 
polyphenols spruce bark extractives 
adhesives. Svensk Papperstidn. 62, no. 
31, 1959). English: 
Swedish and German 

The reactivity spruce-bark tannins 
formaldehyde has been determined 
function the formaldehyde/polyphenol 
ratio and the extract pH. The extrac- 
tives have been tried ingredients 
phenol-tannin-formaldehyde resin glue 
bark extract proved less satisfactory 
than extract enriched reactive poly- 
phenols which gave plywood adhesive 
good dry strength, although low re- 
sistance boiling water. tables, fig- 
ures, and 


Marian, E., and Wissing, The util- 
ization bark. Part Fibres from spruce 
bark wet process hardboard. Svensk 
Papperstidn. 62, no. 225-9 (April 15, 
1959). [In English; Swedish and German 
summaries 

Separate fiberization spruce bark 
(under conditions milder than for con- 
ventional sprucewood defibration) and 
admixture the fiberized bark into 
normal spruce wood furnish amounts 
40% (30% heat treatment fol- 
lowed) produced hardboards with equaled 
bark-free hardboards bending modulus 
rupture, water absorption, 
ness swelling. The present use un- 
barked wood the wallboard industry 
saves the mills debarking operation and 
eliminates the accumulation 
waste the plant site. The separate mild 
pulping bark, however, would permit 
the addition bark quantities greatly 
excess the natural bark: wood ratio 
(about 1:9) and thus would considerably 
enlarge the raw-material supply the 
hardboard industry, apart from contribut- 
ing the solution the universal bark- 
references. 


BARKERS AND BARKING 


Christiansen, Neils B., and Fedkiw, 
John, Chemical debarking—is econom- 
ically advantageous? Syracuse, N.Y., State 
University College Forestry Syra- 
cuse University, 1959. 

Based replies from pulp and 
papers mills the New York, 
vania, and New England area, the relative 
merits chemical barking (with sodium 
arsenite) vs. drum barking and sap peel- 
ing have been compared, taking into ac- 
count five cost factors—barking 
transportation and handling costs, cost 
purchased wood, forest-ownership costs, 
and capital requirements each system. 
comparative analysis these factors 
indicated that drum barking ordinarily 
the most economical method bark re- 
moval from pulpwood, and that chemi- 
cal barking and sap peeling may eco- 
nomical only under special circumstances. 
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chemical barking may valuable ad- 
junct where wood 
slightly higher than the capacity 
drum installation but not high enough 
justify the addition another drum. 
Moreover, may useful for small, 
geographically removed, otherwise dif- 
ferent operations not suited for the pro- 
duction either rough- sap-peeled 
wood. tables, figures, and refer- 
ences. 


PAPER AND BOARD, BUILDING 


Liiri, Osmo. Manufacture hardboard 
the dry and semidry processes. and 
Paperi Puu 41, no. 85-90, 92-6; 
no. 4a: 147-58 (March and Special issue, 
April, 1959). [In Finnish; English sum- 
mary} 

The first part deals with the physical 
and chemical changes the fibrous mate- 
rial during hardboard manufacture, par- 
ticularly during air-felting and pressing, 
and with the advantages and disadvant- 
ages dry and semidry processes. The 
second part describes experiments 
process variables affecting the manufac- 
ture air-felted hardboard from Finnish 
pine and birchwood fiberized defibra- 
tors and Bauer refiners, well from 
dry planer shavings fiberized Pall- 
mann mill. The most suitable conditions 
were found temperature 190° 
C.; pressure kg./sq. cm. for 1.5 
min. first and kg./sq. the 
second stage for and min. the dry 
and semidry process, respectively; and 
mat moisture content less than 10% for 
the dry (S2S) and 30% more for the 
semidry (S1S) process. least under 
laboratory conditions, the semidry process 
causes more troubles than the dry process, 
particularly because fiber clusters and 
uneven moisture distribution. most 
cases, resin content 1.5% suffices. 
wax content 1.0-1.5% retards water 
absorption but also reduces the strength 
hardboards. Fiber dimensions exert 
great influence the properties air- 
felted hardboard; screening remove 
coarse fibers and fines improves the prop- 
erties. Birch produces somewhat 
stronger but more water-absorbing board 
than does pine. Applying surface layer 
fines improves the appearance but de- 
creases the strength the board. Spray- 
ing the mat surface with water slightly 
improves both the strength and_ the 
smoothness boards. Heat-treatment de- 
creases the water absorption somewhat 
without affecting the strength board. 


Watson, Pulping investigations. 
Influence wood storage pulping and 
papermaking properties. Proc. Australian 
Pulp and Paper Ind. Co-operative Research 
Conf. 16: 86-90; discussion: (1957). 

Kraft pulps were prepared from freshly 
cut Pinus radiata and from samples which 
had been stored for varying lengths time 
months under water air-dried, with 
without subsequent oven drying soaking, 
etc.). Similar but more 
were conducted samples 
regnans, and the strength properties all 
the pulps were evaluated 
with type storage. The results obtained 
indicate that best pulp radiata 
the green condition, 
water storage appears the least desir- 
able procedure. Storage the wood has 
its most adverse effects those properties 
associated with fiber bonding. regnans 
showed marked differences between the 
green and the airdry wood when pulped 
with 15% total alkali, but higher alkali 
concentrations the airdry wood gave pulp 
that was inferior all strength properties. 
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Producing the 
world's finest 
Flakeboard 


Low Installation, 
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Maintenance Cost 


Operation 


Single 
Installations 


Before you 


Get the complete story the Bison System. 
Films and literature available. Call, wire write: 


SODERHAMN MACHINE MANUFACTURING COMPANY 


Talladega, Alabama 
West Coast: 9442 S.W. Barbur Portland, Oregon 


planers have exceptionally heavy 
and absolutely rigid built-in grinding rail 
insure perfect parallelism with the cutterhead. 
This, together with the design the grinding 
and jointing wheel, permits quick and thoroughly 
accurate sharpening either carbide steel 
knives. BUSS cutterheads are larger than those 
used other planers. They are dynamically and 
statically balanced, mounted large pre-loaded 
ball bearings. Extra heavy bearing housings 
provide the rigidity and vibrationless operation 
essential for high quality work. 

Whether you contemplate the use carbide 
steel knives, consult concerning your planer 
requirements. There are more than definite 
advantages that make BUSS your best planer 
buy. Write for descriptive literature. 
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This heavy grinding and jointing bar, 
cast one unit, absolutely rigid. 


F 


HOLLAND, MICHIGAN 


a 


